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 INFORMATION REQUIRED BY THE FEDERAL RULES OF CIVIL PROCEDURE 

The following is a list of the items required by the Federal Rules of 

Civil Procedure provided with this report: 

(1) This report contains my opinions, conclusions, and the reasons 

therefore on the subjects that I was asked to address. 

(2) The body of the report and Appendices list the data and other 

information considered in forming these opinions. 

(3) Exhibits and tables in summary of, or support of, these opinions are 

included with this report. 

(4) Appendix B provides a full statement of my qualifications. 

(5) Appendix B also includes a listing of publications. 

(6) I am being compensated for my work on this report and for any 

testimony at the rate of $210 per hour. 
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I. Qualifications 

I am a Professor in the Departments of Environmental Health and 

Epidemiology at the Harvard School of Public Health, in the Department of 

Medicine at Harvard Medical School, Director of the Harvard Center for 

Risk Analysis, member of the faculty of the Environmental Biostatistics 

program, and on the Steering Committee of the Harvard University Center 

for the Environment. I am also a former member of the board of Councilors 

of the International Society for Environmental Epidemiology, and the 

Editorial Board of the American Journal of Respiratory and Critical Care 

Medicine. I have served on three National Academy of Sciences panels. I 

was a recipient of a John D. and Catherine T. MacArthur Fellowship, and of 

the John Goldsmith Award for career achievement of the International 

Society for Environmental Epidemiology. I am the most cited author in the 

field of air pollution research and a Thompson-Reuters Highly-cited 

Author. I have over 800 peer-reviewed papers published or in press, which 

have been cited over 60,000 times in other peer-reviewed publications. 

Over 700 of these scientific papers have examined air pollution. I have 

made air pollution a major focus of my research, which ranges from time 

series studies of daily effects to cohort studies of long-term effects to 

genetic and epigenetic studies. It also includes atmospheric modeling of 

pollution, exposure modeling, risk assessment and benefit-cost analyses. 

These studies varied from those focused on critical events (e.g., deaths, 

heart attacks) to studies addressing mechanisms and exposure. I have 
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testified before Congress twice about air pollution, served as an expert 

advisor in reviews for the World Health Organization, and testified as an 

expert in the health effects of air pollution in federal court. 
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II. SUMMARY OF CONCLUSIONS 

Nitrogen oxides are substances formed by combustion. At high 

temperatures, such as those present in diesel engines, the nitrogen in the 

air reacts with the oxygen in the air to form nitrogen oxides. Higher 

temperatures result in more nitrogen oxide formation and diesel engines 

generally run at higher combustion temperatures than gasoline fueled 

engines.  The two major compounds are NO and NO2 and are collectively 

referred to as NOx.  

NOx effects human health in several ways. First, NOx is itself an air 

pollutant, with known effects on human health. It is an irritant gas that 

penetrates deeply into the lung. Second, NOx in the air reacts with other 

compounds, including volatile organic compounds and ammonia, to form both 

particles and ozone, which in turn have known effects on human health. 

These are deemed secondary pollutants, since they are not directly 

emitted, but form by chemical reactions in the atmosphere. One specific 

example is reacting with organic gases emitted from plants or unburned 

fuel from vehicles and forming organic carbon particles, another involves 

reacting with ammonia to form ammonium nitrate particles. A third involves 

reaction with oxygen and organic gases to form ozone. Importantly, there 

are few pure particles in the atmosphere. Particles in the air collide and 

adhere to each other. In the process the nitrogen-based particle, which is 

acidic, can transform existing particles. Hence an ammonium nitrate 
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particle can mix with, for example, a copper particle generated from brake 

wear and produce copper nitrate. 

Assessments of the health effects of NOx emissions have historically 

focused on its role in the formation of secondary particles and ozone. 

However, a large and growing literature has developed in recent years 

regarding the direct health impacts of NOx exposure. Here I summarize my 

conclusions on all three.   

 

II.A. SUMMARY OF CONCLUSIONS ON PM2.5 HEALTH EFFECTS 

There is clear, convincing evidence that particulate air pollution 

from combustion, such as from coal plant boilers, kills people. Further, 

the number of people it kills each year in the United States is not small—

it is larger than the number of deaths each year from AIDS, breast cancer, 

and prostate cancer put together. Indeed, a recent report in the Lancet 

estimated that worldwide, it kills more people than AIDS, Malaria and 

Tuberculosis. Hence, even a fraction of a percent change in this number 

would be more deaths than occur in a major plane crash.  

In addition to killing people, particles trigger heart attacks and 

strokes; destabilize people with heart failure, driving them into the 

hospital; lower cognitive function in children; accelerate cognitive 

decline in the elderly; and increase the risk of asthma attacks and 

exacerbate respiratory infections, leading to increased hospital 

admissions for those conditions.  
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These findings are not due to failure to exclude other possible 

explanations. Similar associations are seen when we control for other 

pollutants and weather, when we control for pre-existing disease, smoking, 

etc. Furthermore, randomized controlled trials have shown that, for 

example, putting particle filters in homes (vs. sham filters) reduced 

blood pressure, coagulability of blood, systemic inflammation, stress 

hormones, constriction of blood vessels, insulin resistance, highly 

oxidizing chemicals, and produced more stable electrocardiogram patterns. 

These are all predictors of the increased deaths, heart attacks, strokes, 

etc. mentioned above. 

Moreover, animal and toxicological studies also show changes in 

intermediary endpoints (e.g., electrocardiogram patterns, measures of 

inflammation, blood pressure, and hardening of the arteries 

(atherosclerosis) that are consistent with the changes seen in the 

epidemiologic studies.  

Other studies have demonstrated down to the lowest measured exposure 

that these effects do not have a threshold, and that the deaths produced 

by particles are not just being advanced by a few weeks but can reduce the 

life expectancy of entire populations by several years.  

All of this indicates that any increase in particle concentrations 

has substantial effects on human health, including increasing the risk of 

early deaths. Details justifying these conclusions are below in section 

III.  
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Overall, there have been thousands of studies of the health effects 

of particles in the last two decades, and the overwhelming scientific 

consensus is that particles are associated with early deaths, as well as a 

range of other adverse events. Here, I discuss the overwhelming scientific 

consensus supporting this conclusion. I later assess its basis, including 

studies of short and long-term exposure to particulate air pollution and 

early deaths, as well as respiratory and cardiovascular effects, such as 

heart attacks, hospital admissions, etc., and cognitive effects. I include 

a discussion of effect thresholds and the evidence for continuous effects 

at low concentrations.  

 

II.A.1. THE SCIENTIFIC CONSENSUS 

For two decades, there has been an overwhelming scientific consensus 

about the health effects of particulate air pollution. It is widely 

accepted that such particles reduce life expectancy, trigger heart 

attacks, have a wide range of other adverse effects on health, and that 

sufficient evidence exists to quantitatively estimate the impacts of 

reducing air pollution on avoided deaths, etc. Several of the most 

reputable health organizations have noted the consensus on the health 

effects of particulate matter. For example, as far back as the 2002 World 

Health Report, the World Health Organization (WHO) concluded that 

“Particulate air pollution (i.e., particles small enough to be inhaled 

into the lung) is consistently and independently related to the most 
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serious [acute and chronic health] effects, including lung cancer and 

other cardiopulmonary mortality.”1 The press release accompanying the 

subsequent WHO 2006 guideline stated2, 3:  

“By reducing particulate matter pollution from 70 to 20 micrograms 

per cubic metre as set out in the new Guidelines, we estimate that we 

can cut deaths by around 15%," said Dr. Maria Neira, WHO Director of 

Public Health and the Environment. "By reducing air pollution levels, 

we can help countries to reduce the global burden of disease from 

respiratory infections, heart disease, and lung cancer which they 

otherwise would be facing.”   

The WHO statement continued:  

“These new guidelines have been established after a worldwide 

consultation with more than 80 leading scientists and are based on 

review of thousands of recent studies from all regions of the world. 

As such, they present the most widely agreed and up-to-date 

assessment of health effects of air pollution, recommending targets 

for air quality at which the health risks are significantly reduced.“ 

And: 

“For example, in the European Union, the smallest particulate matter 

alone (PM2.5) causes an estimated loss of statistical life expectancy 

of 8.6 months for the average European.”  

Hence, the WHO concluded not merely that the association of particles 

with early deaths is causal, but that the evidence is strong enough 
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to allow quantitative estimates of the mortality benefits of reducing 

particle concentrations.  

A subsequent review of the literature was conducted in the United 

States in 2005-6. The Clean Air Act requires the Environmental Protection 

Agency (EPA) to review the National Ambient Air Quality Standards (NAAQS) 

every five years and determine whether revision is appropriate. As part of 

this process, the EPA is required to have its summary review of the 

science about each criteria air pollutant reviewed by an independent 

scientific review committee of outside experts, which is known as the 

Clean Air Science Advisory Committee (CASAC). In reviewing the 2005 EPA 

Staff Paper for particulate matter produced in the course of the NAAQS 

review begun in 1997, the CASAC stated, “[i]n summary, the epidemiologic 

evidence, supported by emerging mechanistic understanding, indicates 

adverse effects of PM2.5 at current annual average levels below 15 μg/m3.”4 

In a 2006 letter regarding its recommendations for the final PM NAAQS, the 

CASAC reiterated5: 

…there is clear and convincing scientific evidence that 

significant adverse human-health effects occur in response to 

short-term and chronic particulate matter exposures at and below 

15 μg/m3, the level of the current annual PM2.5 standard.  

The CASAC emphasized:  

“Significantly, we wish to point out that the CASAC’s 

recommendations were consistent with the mainstream scientific 
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advice that EPA received from virtually every major medical 

association and public health organization that provided their 

input to the Agency, including the American Medical Association, 

the American Thoracic Society, the American Lung Association, 

the American Academy of Pediatrics, the American College of 

Cardiology, the American Heart Association, the American Cancer 

Society, the American Public Health Association, and the 

National Association of Local Boards of Health. Indeed, to our 

knowledge there is no science, medical or public health group 

that disagrees with this very important aspect of the CASAC’s 

recommendations. EPA’s recent “expert elicitation” study 

(Expanded Expert Judgment Assessment of the Concentration-

Response Relationship Between PM2.5 Exposure and Mortality, 

September 21, 2006) only lends additional support to our 

conclusions concerning the adverse human health effects of 

PM2.5.“ 

As noted in the letter, the CASAC’s conclusions are supported by all the 

major associations of health professionals, which include as members 

almost all researchers on heart disease, lung disease, and cancer. The 

American Medical Association, the American College of Cardiology, the 

American Heart Association, the American Thoracic Society, and the 

American Academy of Pediatrics all sent official letters to the EPA’s 
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Administrator urging EPA to lower the PM2.5 standard because of these known 

health effects. 

In 2006, the World Health Organization also published the Global 

Burden of Disease report, which estimated that in the half of the world’s 

population that lived in cities, particles were responsible for 811,000 

early deaths per year (no particle exposure data was available for rural 

areas). A more recent update6 included more recent literature and exposure 

estimates for rural areas, and concluded that particulate air pollution 

killed 3.2 million people in 2010 alone.  

Hence, by 2006, every major scientific body involved in either 

research or the evaluation of research relating to particulate air 

pollution had concluded that it is a major health hazard whose 

consequences include early deaths. Since 2006, the evidence has become 

even more convincing.  

 The American Heart Association (AHA) appointed a panel of scientific 

experts to review new evidence on the risk posed by particles arising 

between the AHA’s prior 2004 assessment and 2010. That review was 

published in Circulation, the world’s leading peer-reviewed journal on 

heart disease. The abstract of that peer-reviewed paper summarizes the 

conclusions as follows7: 

“In 2004, the first American Heart Association scientific 

statement on ‘Air Pollution and Cardiovascular Disease’ 

concluded that exposure to particulate matter (PM) air pollution 
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contributes to cardiovascular morbidity and mortality. In the 

interim, numerous studies have expanded our understanding of 

this association and further elucidated the physiological and 

molecular mechanisms involved. The main objective of this 

updated American Heart Association scientific statement is to 

provide a comprehensive review of the new evidence linking PM 

exposure with cardiovascular disease, with a specific focus on 

highlighting the clinical implications for researchers and 

healthcare providers. The writing group also sought to provide 

expert consensus opinions on many aspects of the current state 

of science and updated suggestions for areas of future research. 

On the basis of the findings of this review, several new 

conclusions were reached, including the following: Exposure to 

PM <2.5 m in diameter (PM2.5) over a few hours to weeks can 

trigger cardiovascular disease–related mortality and nonfatal 

events; longer-term exposure (e.g., a few years) increases the 

risk for cardiovascular mortality to an even greater extent than 

exposures over a few days and reduces life expectancy within 

more highly exposed segments of the population by several months 

to a few years; reductions in PM levels are associated with 

decreases in cardiovascular mortality within a time frame as 

short as a few years; and many credible pathological mechanisms 

have been elucidated that lend biological plausibility to these 
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findings. It is the opinion of the writing group that the 

overall evidence is consistent with a causal relationship 

between PM2.5 exposure and cardiovascular morbidity and 

mortality. This body of evidence has grown and been strengthened 

substantially since the first American Heart Association 

scientific statement was published. Finally, PM2.5 exposure is 

deemed a modifiable factor that contributes to cardiovascular 

morbidity and mortality. As already noted, in 2012 the Global 

Burden of Disease increased its estimate of particulate related 

deaths. “ 

In sum, one of the world’s major medical societies found strong support 

that both short-term and long-term exposure to particles has significant 

impacts on health, including increased deaths.  

 EPA completed its most recent full review of the PM NAAQS in 2013, 

following several years of analysis. As part of this process, after 

extensive scientific review by the CASAC, the agency in 2009 published its 

Integrated Science Assessment (ISA) summarizing the state of the science 

about particulate air pollution. This ISA was particularly focused on 

examining the evidence for causality of the relation of particles with 

various health effects and drawing scientific consensus conclusions about 

that evidence.  

It is useful to summarize the rigorous and extensive review that the 

ISA process entails. The process begins with EPA using internal scientists 
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and contracting with external, university scientists to write chapters of 

the ISA, which summarizes the state of the science about the air pollutant 

such as particles. Draft chapters are sent out for review by other 

external scientists and CASAC, and discussed at public meetings with 

CASAC, where others are encouraged to provide comments. Based on the 

review by CASAC, EPA revises the ISA and presents it for a second review. 

This process continues until the CASAC is satisfied and approves the ISA 

and its conclusions. EPA then drafts a Risk Assessment and a Policy 

Document. The Risk Assessment’s goal is to quantify risk to the extent 

consistent with the CASAC review of the ISA. This risk assessment is then 

put through the same review protocol as the ISA and must be approved by 

the CASAC to be used. The Policy Document, which summarizes the policy 

relevant science and its implications for potential standards, likewise 

goes through the extensive review.  

 Returning to the 2009 particulate matter ISA, the EPA found in that 

assessment as follows:  

“Epidemiologic studies that examined the effect of PM2.5 on 

cardiovascular emergency department (ED) visits and hospital admissions 

(HA) reported consistent positive associations (predominantly for 

ischemic heart disease [IHD] and congestive heart failure [CHF]), with 

the majority of studies reporting increases ranging from 0.5 to 3.4% 

per 10 μg/m3 increase in PM2.5. These effects were observed in study 

locations with mean 24-h avg PM2.5 concentrations ranging from 7-18 
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μg/m3 (Section 6.2.10) ...with effects becoming more precise and 

consistently positive in locations with mean PM2.5 concentrations of 13 

μg/m3 and above (Figure 2-1). ...Toxicological studies have provided 

biologically plausible mechanisms (e.g., increased right ventricular 

pressure and diminished cardiac contractility) for the associations 

observed between PM2.5 and CHF in epidemiologic studies. “ 

 

and:  

“There is also a growing body of evidence from controlled human 

exposure and toxicological studies demonstrating PM2.5-induced changes 

on heart rate variability (HRV) and markers of systemic oxidative 

stress (Section 6.2.1 and Section 6.2.9, respectively). Additional but 

inconsistent effects of PM2.5 on blood pressure (BP), blood coagulation 

markers, and markers of systemic inflammation have also been reported 

across disciplines. ...Together, the collective evidence from 

epidemiologic, controlled human exposure, and toxicological studies is 

sufficient to conclude that a causal relationship exists between short-

term exposures to PM and cardiovascular effects.”  

 

and: 

“Collectively, the studies evaluated demonstrate a wide range of 

respiratory responses, and although results are not fully consistent 

and coherent across studies the evidence is sufficient to conclude that 
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a causal relationship is likely to exist between short-term exposures 

to PM2.5 and respiratory effects.” 

 

and:  

 

“An evaluation of the epidemiologic literature indicates consistent 

positive associations between short-term exposure to PM2.5 and all-

cause, cardiovascular-, and respiratory-related mortality (Section 

6.5.2.2.). ... Collectively, the epidemiologic literature provides 

evidence that a causal relationship is likely to exist between short-

term exposures to PM2.5 and mortality.” 

 

and: 

“Evidence from toxicological studies provides biological plausibility 

and coherence with studies of short-term exposure and cardiovascular 

disease morbidity and mortality, as well as with studies that examined 

long-term exposure to PM2.5 and cardiovascular mortality. Taken 

together, the evidence from epidemiologic and toxicological studies is 

sufficient to conclude that a causal relationship exists between long-

term exposures to PM2.5 and cardiovascular effects.8 

(Emphasis in original). Commenting on the ISA, the CASAC stated:  

“CASAC also supports EPA’s changes to the causal determinations for 

long-term exposure to PM2.5 and cardiovascular effects (from ’likely 
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causal’ to ’causal’)” and “CASAC recommends  ̒upgrading’ the causal 

classification for PM2.5 and total mortality to  ̒causal’ for both the 

short-term and long-term time frames.”9  

That is, the CASAC has concluded that the association between PM2.5 and 

deaths is causal. Notably, the experts convened by the American Heart 

Association, the EPA authors, and the CASAC all agreed that there were 

convincing data on biological mechanism and broad coherence across 

epidemiology and toxicology.  

More recently, the UK Royal College of Physicians issued a report in 

2016 on the lifelong impact of exposure to air pollution stating that: 

“Population-based studies as well as modern biological science have 

revealed highly potent toxic effects of chronic exposure to ‘modern-

day pollutants’, not only on the lungs but also on the heart and 

broader cardiovascular system. We are further recognising that the 

systemic effects of pollutants extend beyond the cardiopulmonary 

system to affect many other organs, increasing the risk of disease 

that begins from conception and persists across the lifecourse.” (p 

vii) 

And:  

“Each year, inhaling particulates causes around 29,000 deaths in the 

UK.”(3), that “Infants living in areas with high levels of particulate 

air pollution are at increased risk of death during the first year of 

life, particularly from respiratory illnesses” (p42).  
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More recently, in 2013, the International Agency for Research on 

Cancer examined the evidence for the carcinogenicity of particulates. They 

had an expert panel review more than 1,000 peer-reviewed scientific papers 

and published their findings in a monograph (Vol 109, IARC monographs), 

declaring that particulate air pollution was a known human carcinogen. 

This finding was also published in a peer-reviewed journal.10   

In 2015, Australia reduced its PM2.5 standards to 8 μg/m3 on an annual 

average, (compared to EPA’s new 12 μg/m3 annual standard) and 25 μg/m3 for 

a daily limit, based on the overwhelming evidence of harm.    

Similarly, there is a scientific consensus that there is no threshold 

for the effects of particles on deaths, indicating that any reduction in 

particle levels would result in lower death rates. For example, the CASAC 

has stated that “[a]lthough there is increasing uncertainty at lower 

levels, there is no evidence of a threshold (i.e., a level below which 

there is no risk for adverse health effects).”11 The National Academy of 

Sciences concurs, stating “[f]or pollutants such as PM10 and PM2.5, there is 

no evidence for any departure of linearity in the observed range of 

exposure, nor any indication of a threshold.”12 This is also the view of 

the World Health Organization13. Recently, the Global Burden of Disease 

group estimated that air pollution is responsible for 5.5 million deaths 

worldwide, with a similar estimate recently published by the Lancet Global 

Health Commission14, 15.  
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The World Health Organization’s most recent assessments of the health 

impacts of air pollution states: 

“Ambient (outdoor air pollution) is a major cause of death and 

disease globally. The health effects range from increased hospital 

admissions and emergency room visits, to increased risk of 

premature death.” 

And: 

“An estimated 4.2 million premature deaths globally are linked to 

ambient air pollution, mainly from heart disease, stroke, chronic 

obstructive pulmonary disease, lung cancer, and acute respiratory 

infections in children.” 

WHO further explains that worldwide ambient air pollution accounts for: 

 25% of all deaths and disease from lung cancer 

 17% of all deaths and disease from acute lower respiratory 

infection 

 16% of all deaths from stroke 

 15% of all deaths and disease from ischaemic heart disease 

[and] 

 8% of all deaths and disease from chronic obstructive 

pulmonary disease 

WHO goes on to state specifically about PM2.5, that “[s]mall particulate 

pollution has health impacts even at very low concentrations – indeed no 

threshold has been identified below which no damage to health is observed” 

(http://www.who.int/en/news-room/fact-sheets/detail/ambient-(outdoor)-air-

quality-and-health). 
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II.A.2. My Conclusions 

The basis for this scientific consensus around causality and lack of 

a threshold is a large body of complementary scientific evidence that 

particulate air pollution is associated with early deaths, heart attacks, 

strokes, respiratory illness, lower birth weight, and decreased cognitive 

function. There are epidemiology studies demonstrating these associations, 

including ones using novel methods to eliminate the possibility that the 

effects seen are due to other causes. There are also animal studies 

showing that exposure to particles increases hardening of the arteries, 

destabilizes electrocardiograms and exacerbates pneumonia, as well as 

controlled human exposure studies that demonstrate exposure to particulate 

matter for a few hours increases inflammation and changes electro-

encephalographic patterns in the brain. I summarize some of this 

literature in section III.  

However, particulate air pollution is not merely fatally dangerous, 

it is ubiquitous. The satellite picture below shows a particle haze 

obscuring the view of most of the eastern coast of the United States, with 

patches of whiter clouds above. In contrast, at the lower left of the 

image, one can see an area that has escaped the particle haze, where the 

ground is clearly visible. Particulate air pollution is the only manmade 

object visible from space. The reason is that once airborne, particles can 

remain in the air for days, traveling with the wind, and exposing people 

far from where they were emitted.  
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The Only Manmade Object Visible from Space 

 

 

In summary, I conclude, as does the scientific community, that any 

incremental increase in particle exposure, such as that caused by 

increased NOx emissions, will increase deaths in the United States, 

increase heart attacks and strokes, impair lung function, exacerbate 

asthma, and contribute to reduced cognitive function in children and 

accelerated cognitive decline in the elderly. +Details of the health 

studies that support my conclusions (and those of the medical 

associations, World Health Organization, the U.S. EPA, and Clean Air 

Scientific Advisory Committee) are found in subsequent sections.  
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II.B. Summary of Conclusions on Ozone Health Effects 

Ozone pollution also has serious health effects, ranging from 

respiratory outcomes to mortality. Moreover, if there are any thresholds 

for these effects, they are so low (e.g., below 20 ppb) as to be 

inconsequential, since such levels are rarely seen in the US. 

Consequently, any incremental exposure to ozone causes incremental effects 

on health in the locations where that incremental exposure occurs. 

Moreover, this is not just my opinion; it is the scientific consensus, as 

reflected in the U.S. EPA’s external Clean Air Scientific Advisory 

Committee’s recommendations and review of EPA’s Integrated Science 

assessment for ozone. 

II.B.1. The Scientific Consensus 

In its ISA16, EPA states, with approval from the CASAC: 

“The 2006 O3 AQCD concluded that there was clear, consistent evidence 

of a causal relationship between short-term exposure to O3 and 

respiratory health effects. This causal association is more 

substantiated now by the effects observed across recent controlled 

human exposure, epidemiologic, and toxicological studies indicating 

associations between short-term O3 exposures and a range of 

respiratory health endpoints from respiratory tract inflammation to 

respiratory-related emergency department (ED) visits and hospital 

admissions. Short-term O3 exposures induced (or were associated with) 

statistically significant declines in lung function. An equally 
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strong body of evidence from controlled human exposure and 

toxicological studies demonstrated reversible O3-induced increases in 

inflammatory responses, epithelial permeability, and airway 

hyperresponsiveness that were found to last for 18-24 hours after O3 

exposure. Toxicological studies in animals provided additional 

evidence for O3-induced impairment of host defenses. Combined, these 

findings from experimental studies provided support for epidemiologic 

evidence, in which short-term increases in O3 concentration were 

consistently associated with increases in respiratory symptoms and 

asthma medication use in children with asthma, respiratory-related 

hospital admissions, and ED visits for chronic obstructive pulmonary 

disease (COPD) and asthma. Additionally, recent epidemiologic 

evidence supports the range of respiratory effects induced by O3 by 

demonstrating that short-term increases in ambient O3 concentrations 

can lead to respiratory mortality. The combined evidence from these 

disciplines supports the conclusion that there is a causal 

relationship between short-term O3 exposure and respiratory effects.” 

(emphasis in original). 

This review was subject to outside peer review by EPA’s expert Clean 

Air Scientific Advisory Committee. Moreover, other national and 

international organizations have supported similar conclusions. For 

example, the World Health Organization in 2005 set an eight hour maximum 
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ozone standard of 100 μg/m3 (50ppb), which is considerably lower than the 

recently lowered EPA standard of 70ppb2. In doing so, they stated: 

“Significant additions to the health effects evidence base have, 

however, come from epidemiological time-series studies. Collectively 

these studies have revealed positive, small, though convincing 

associations between daily mortality and ozone levels, which are 

independent of the effects of particulate matter. Similar 

associations have been observed in both North America and Europe. 

These latest time-series studies have shown health effects at ozone 

concentrations below the previous guideline of 120 µg/m3 (60 ppb) but 

without clear evidence of a threshold.”   

More recently, the Global Burden of Disease group concluded that 

ozone caused increased respiratory disease mortality, and estimated the 

worldwide burden as 152,000 deaths per year in 201014. The WHO HRAPIE 

project convened scientific experts to assess the state of the art on air 

pollution, and concluded that increased summer daytime ozone 

concentrations increased annual death rates17.  

 

II.B.2 My Conclusions 

I conclude that short-term exposure to ozone produces increases in 

daily death rates, hospital admissions for respiratory disease, and other 

health outcomes. I also conclude, based on the most recent studies, that 
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long-term exposure to ozone increases annual death rates.  The basis for 

these conclusions is discussed in section III. 

 

II.C. SUMMARY OF NOX HEALTH EFFECTS 

The 2016 ISA for NO2 concludes that there is a causal association 

between NO2 and respiratory hospital admissions. It also describes 

additional health effects that are likely causal.  The World Health 

Organization has taken a stronger position, concluding that there is a 

causal effect on both respiratory hospital admissions, and daily death 

rates. However, a number of important studies not considered in either 

document have since been published. They indicate stronger evidence for 

the acute effects on daily deaths and hospital admissions, but also strong 

evidence for an effect of annual average NO2 on annual death rates. This 

evidence is discussed in section III. 

 

III. HEALTH EFFECTS OF PARTICLES, OZONE, and NOX 

III.A.1. PARTICULATE AIR POLLUTION KILLS PEOPLE 

Multiple types of studies have been used to examine the relationship 

between particles and mortality: long-term exposure studies have focused 

on the association between longer-term exposure to particles and life 

expectancy, whereas other studies have looked at the acute responses 

within a few days of exposure. Finally, there are some intermediary 

studies that attempt to bridge the gap. Within studies of longer-term 
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exposure there are further distinctions based on whether the differences 

in exposure among people is just between cities, or whether it includes, 

or is limited to, contrasts within a metropolitan area. Also, some studies 

incorporate changes over time in exposure. I discuss these various types 

of studies below. 

 

III.A.1.a. Long-Term Exposure to Particles Increases Long-Term Death 

Rates 

I find, as have the major scientific organizations, that there is 

clear, convincing evidence that exposure to particles shortens life 

expectancy by substantial amounts. I base this judgment on the extensive 

literature, as discussed below.  

 In 1970, Lave and Seskin published a paper analyzing the relationship 

between age-standardized mortality rates in U.S. cities and average 

particle concentrations in those cities.18 The advantage of that study was 

that the mortality experience of the entire population of each city was 

compared to the average particle concentration from the population-

oriented monitors in the city. The difficulty was that no individual level 

covariates (i.e., other individual factors such as hypertension, diabetes, 

smoking, etc. that may differ on average across the people in different 

cities and might explain the differences among those cities in mortality 

rates) were controlled, raising questions about confounding (i.e., that 

another variable explains the observed association).  
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 More recent studies have alleviated that problem by recruiting 

individuals in various areas, measuring individual covariates in each 

person, and following those people over time. These are referred to as 

cohort studies. It is these new cohort studies, starting with the Harvard 

Six City Study, and including the American Cancer Society (ACS) study, the 

Women’s Health Initiative study, the Nurse’s Health Study, the ESCAPE 

study, etc., together with parallel findings for short-term effects of 

particles on deaths, and toxicology results that confirm the mechanisms, 

that led the CASAC to tell EPA to conclude that the association of 

particles with total mortality was causal. As noted above, the 2009 EPA 

particulate matter ISA concluded that a causal relationship exists between 

both short-term and long-term exposures to PM2.5 and mortality. 

Below, I summarize the studies that support this conclusion. In doing 

so, I emphasize addressing a set of issues that have been raised by critics 

in comments to EPA and the CASAC. Those critiques were rejected as not valid 

by both organizations, as well as by WHO and medical societies, for reasons 

discussed below. The key issues that have been raised, and refuted in my 

opinion, are measurement error, confounding, and lack of biological 

plausibility. 

 

Measurement Error 

Ideally, when looking at whether people with higher exposure to 

particulate air pollution suffer worse health outcomes, we want to assess 
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that exposure as accurately as possible. Differences between the actual 

exposure of an individual and what was used as exposure in a study are 

referred to as measurement error in exposure. Over time, better methods of 

exposure assessment have allowed studies to reduce that error.  

 Early studies reporting associations between particulate air 

pollution in each city or neighborhood and mortality rates in those 

locations were criticized by industry because of the potential measurement 

error in assigning citywide average particle concentrations as the 

exposure estimate to everyone in a city. While this certainly does produce 

measurement error in the exposure estimate, it is important to realize 

that the principle effect of such error is to reduce the estimated size of 

the effect of particles on death rates and widen the confidence bands 

about that estimate19. Heuristically, this can be understood as follows. 

Suppose particles in the air are correlated with the risk of dying, but I 

measure the particle exposure of people with error. Hence some of the 

variation in the particle exposure we use in our study is real, and some 

is noise; variation due to our error in estimating people’s exposure. 

Presumably, this noise is not correlated with that person’s risk of dying, 

and so by using the noisy exposure variable, the overall correlation with 

mortality is reduced below what it would have been had the true exposure 

been used. Hence, exposure error is unlikely to explain the finding of a 

statistically significant effect in a cohort study or result in an 

overestimate of the effect.  
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Regardless, reducing exposure error has been a major focus of more 

recent studies. For example, a key advantage of the Six City Cohort Study 

over other early cohorts is the study’s smaller error in exposure.20 The 

Six City Study chose a neighborhood within each city, recruited a random 

sample of people from that neighborhood, and put a population-oriented 

particle monitor in the middle of each neighborhood. In the Six City 

Study, most subjects lived within a few kilometers of that central 

monitor, and thus the exposure error was much lower than in studies, such 

as the American Cancer Society (ACS) cohort, that used the average of all 

monitors in a greater metropolitan area as the exposure for all 

participants living in that city. The Six City Study found a substantial 

reduction in life expectancy with higher exposure to particles. Moreover 

the size of that reduction was larger than the one found in the ACS study. 

This higher effect estimate is what we expect from a study with less 

exposure error. This magnitude of the impact on life expectancy is 

indicated in the figure below, which shows the life expectancy in each 

city, after adjusting for age, sex, cigarette smoking, occupation, 

education, obesity, and chronic disease, plotted against the mean PM2.5 in 

that city. To put the 3-year difference in life expectancy between low and 

highly polluted communities in perspective, between 1995 and 2005 life 

expectancy in the U.S. increased by 2 years. Hence, exposure to PM2.5 can 

obliterate the effects of one and a half decades of medical progress on 

life expectancy. 
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Figure 1. Life expectancy decrease with increasing PM2 5 in Six City Study 

 

 

 

 

 

 

 

 

 

 

 

Further evidence that reducing exposure error tends to increase 

estimates of the effects of particles on deaths comes from a number of 

more recent studies. For example, a study examined the 22,905 participants 

of the American Cancer Society study living in Southern California using a 

geographic information system-based exposure model, which captures the 

local exposure gradient within Southern California. This study reported 

much larger effect size estimates for PM2.5 than the original study.21 

Similarly, the Women’s Health Initiative study found a larger effect on 

mortality when they used more local, within-city exposure estimates than 

when they just used exposure differences between cities.22  
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Another cohort study examined over 66,000 nurses living in the 

Northeast and upper Midwest.23 We used a spatial model that estimated 

individual exposures at the home address of each nurse, and found that a 

10 µg/m3 increase in PM2.5 at a nurse’s address was associated with a 26 

percent increase in risk of dying in that year. As with other studies with 

individualized exposure estimates based on residential location, this 

increase was considerably larger than the increase seen in the American 

Cancer Society study, which only looked at exposure differences across 

cities. We also found that this increase was predominantly seen within a 

year of the change of exposure. Again, reduced error in estimating 

individual exposure resulted in higher estimates of the effects of 

particles on mortality.  

There are also specific methods to correct for measurement error that 

have been applied. For example, Hart and coworkers have applied the 

measurement error correction estimation methods developed by Professor 

Spiegelman, a world expert in the subject24. When they used validation 

studies, which measured both personal PM2.5 monitoring and the modeled 

exposure to examine the nature of the exposure error, and adjusted for 

that error in the Nurses Health Study Cohort, they found that the 

measurement error corrected slope was higher than the original one, not 

lower24. She further applied this approach in a different cohort, the 

Netherlands Cohort, to look at the association of PM2.5 with lung cancer. 
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Again, correcting for the measurement error increased the slope (the 

change in rate per unit change in PM2.5)25.  

More recently, we performed a meta-analysis of 53 cohort studies of 

PM2.5 and mortality and looked at what characteristics of the studies 

predicted the concentration-response slope. We found that studies with 

more exposure error had smaller slopes than studies with less error in 

exposure26.  

Hence, the use of more localized measures of exposure, with resultant 

lower exposure error, or of measurement error correction, generally has 

resulted in larger effect estimates.  

 

Confounding 

Confounding occurs when the difference in exposure across study 

subjects is correlated with differences in some other predictor of 

mortality, which may be an alternative explanation for the difference in 

health seen in people with whose exposures differ. Importantly, to be a 

confounder, a characteristic must be correlated with both the health 

outcome being studied, and with the exposure being studied. Only then can 

exposure act as a surrogate for the confounder in predicting health. For 

example, the APOE4 genotype is a risk factor for faster cognitive decline 

in the elderly. However, it is not a confounder of air pollution, since it 

is not correlated with exposure to pollution. Hence, an association 

between air pollution and health cannot result from people with the APOE4 
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genotype having higher exposure (since they don’t). Thus, critiques that 

cite predictors of health that were not measured and controlled for in air 

pollution studies as a reason to doubt the validity of those studies have 

little meaning unless they provide evidence that those predictors of 

health are also predictors of particulate air pollution.  

The obvious solution to the presence of a confounder is to control 

for that other predictor of mortality, and only look at exposure 

differences that are independent of it (or them). Cohort studies all do 

this by collecting information on the other predictors, such as diabetes, 

smoking, etc., that are known to increase the risk of dying. In general, 

cohort studies looking at particulate matter find very little evidence for 

confounding—that is, the effect of particulate air pollution changes 

little with or without control. Indeed, in one analysis of the American 

Cancer Society study, Pope showed that he obtained the same result from 

his cohort study as if he had used the approach of Lave and Seskin and 

controlled for nothing. 

Equally important, the Six City Study went further, and showed the 

association of air pollution with life expectancy before and after 

controlling for each potential confounder, such as smoking, hypertension, 

diabetes, occupational exposures, obesity, etc. There was no evidence of 

confounding by any of the covariates examined except age. A recent paper 

of Di looked at the correlation between smoking and body mass index (a 

measure of obesity) with PM2.5 in a representative sample of over 55,000 
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Medicare beneficiaries, and reported no association of either variable 

with PM2.527. Hence, these variables are not plausible confounders.  

Another recent analysis, which extended the previous analyses of the 

American Cancer Society study to include more years and more data, 

additionally controlled for census level data on socioeconomic status, 

based on where the participants lived.28 Interestingly, they found that 

control for neighborhood socio-economic status increased the risk 

associated with particles, rather than decreasing it. Another examination 

of this issue was conducted by Brochu29. He specifically examined the 

question of whether PM2.5 was correlated with socio-economic status, and 

found that on a large spatial scale, on the order of multi-state regions, 

there was a correlation between PM2.5 and socio-economic status. However, 

as one narrowed one’s focus to states, or to variations within states or 

urban areas, the correlation disappeared, and with it, the potential for 

it to be a confounder. 

Other critiques of these studies have argued that they may not have 

controlled well enough for smoking or other confounders because they were 

proportionate hazard models. What this means is that the studies assume 

that the effect of, e.g., smoking is the same in each year of follow-up. 

However, a re-analysis by Burnett of the American Cancer Society study let 

the effects of smoking and all other confounders vary over time and found 

no change in the effect of particles. Lepeule and coworkers re-analyzed 

the Six City Study with 11 additional years of follow-up.30 We specifically 
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addressed this question by letting the effect of smoking, education and 

sex on the risk of death differ for each of the 35 years of follow-up. 

There was no change in the effect of PM2.5 on deaths from doing so.  

We then went further and let the effect of PM2.5 on deaths differ in 

each year of the 35-year follow-up. The figure shown below demonstrates 

that even under this scenario, we consistently find a higher proportion of 

people surviving at 10 µg/m3 compared to higher exposures, with an 

additional 5% of the population surviving for 35 years after recruitment 

if their exposure were 10 µg/m3. Put another way, the proportion of a 

random population sample expected to be alive 35 years after recruitment 

would be 20% higher in a city with PM concentrations of 10 µg/m3 rather 

than a city with 20 µg/m3. 
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Figure 2. Percent of the Population Surviving vs. number of years 

under study in the Six City Study at three different concentrations of 

PM2.5.  

 

These results provide reassurance that confounding is unlikely. It is 

also important to look at multiple studies and multiple study designs that 

have different potentials for such confounding to gain confidence that 

there is no confounding regarding particle pollution and health effects.  

For example, suppose there is an unmeasured health risk (say, diet) 

in a cohort study that predicts mortality. For this to be a problem in the 

traditional analysis contrasting mortality rates across cities with air 

pollution across cities, dietary differences across cities would have to 

be correlated with particulate air pollution levels across cities. It is 
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unclear why this would happen, but suppose this were true in one study. 

Unless there is a systematic process that increases high-fat diet in towns 

with higher pollution, another cohort study is unlikely to find the same 

problem.  

Again, suppose, for some reason, there were such a systematic 

correlation of air pollution across cities with dietary differences across 

cities. What then, of the studies noted above, contrasted air pollution 

differences across neighborhoods within cities with mortality rates by 

neighborhoods within cities? It seems unlikely that the same correlation 

would persist within city. And what about the studies that estimate 

exposure at the address of each participant of the cohort? Hence, the ISA 

and all medical groups reviewing the literature on particulate air 

pollution looked for—and found—consistency across such different studies 

and study types.  

More recently, several studies have used additional methods to assure 

that the observed association between particle pollution and health is 

causal.  

 

Causal Modeling 

To understand what is generally called causal modeling, it is useful 

to consider why we believe that a randomized control trial produces a 

causal estimate of effect. Because the population is randomly divided into 

two groups, one assigned treatment and the other a placebo, the 
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distribution of other predictors of the health outcome being studied 

should be the same in both groups. Treatment is independent of those other 

predictors and therefore cannot be confounded by them. Hence, if we see a 

difference in health between the two groups, we believe it is causal.  

Such randomized trials for long-term exposure to air pollution are 

essentially impossible. The field of causal modeling in epidemiology and 

statistics seeks to find other approaches to achieve the same result: make 

exposure independent of the other predictors of the health outcome, so 

confounding does not exist. There are two basic approaches. One seeks to 

isolate a part of the variation in exposure that is independent of 

confounders, including unmeasured ones, by focusing on an intervention, a 

change, or a variable that is responsible for some change in exposure, but 

is not plausibly associated with other predictors of the health outcome. 

This can include natural experiments, where an abrupt change in exposure 

occurs due to some factor not otherwise expected to produce the health 

effect studied, or attempts to remove systematic trends over time in 

health and exposure and examine whether the random fluctuations in health 

and exposure about those trends coincide, etc.  

The second approach seeks to reweight the population being studied so 

as to ensure that exposure is independent of what might otherwise be a 

confounder. For example, suppose that people with higher cholesterol 

levels tended to have higher air pollution exposure. In that case, 

exposure is not independent of cholesterol, and confounding is possible. 
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Nevertheless, there will be some people in the study population with high 

cholesterol but low exposure. There just aren’t enough of them to balance 

out the larger number of people with high cholesterol and high exposure.  

However, if we, for example, counted those people with high cholesterol 

and low exposure twice in our analysis (or whatever the appropriate 

multiplier is to balance out the number of people who are high in 

cholesterol and exposure), we can produce a new analysis population where 

pollution is independent of cholesterol. Both of these approaches to 

causal modeling have been applied in the study of long-term exposure to 

PM2.5 and death. 

Studies that examine change in exposure play an important role in 

understanding the effects of particles for several reasons. First, if 

particle-induced changes in health are permanent and we must wait for a 

new generation before seeing public health improvements follow the 

exposure reductions, there are important public health implications. 

Second, showing that a change in exposure produces a change in response 

more directly addresses the causality of the association. If A causes B, 

then changing A will change B. Finally, cross-area comparisons between 

lung function, mortality rates, or any other health response and cross-

area differences in exposure must be concerned about confounding by 

predictors of outcome that vary geographically. Naturally, epidemiology 

studies try to identify such variables and control for them, as noted 

above.  
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Examinations of year-to-year changes in exposure within a location 

and year-to-year changes in mortality rates do not suffer the potential 

confounding that, as above, some unmeasured confounder may differ from one 

city to another, or even from neighborhood to neighborhood within a city, 

in parallel with air pollution differences. These factors cannot be 

correlated with exposure that only varies from year-to-year within a city 

or neighborhood. A different set of variables, which do vary from year-to-

year, might confound the air pollution association, but they are fewer and 

different from the potential confounders of the cross-sectional 

associations. Consequently, it is implausible to expect them to confound 

by the same amount. Hence, if similar associations are seen using this 

very different study design as well, it provides greater confidence that 

the associations are causal. Moreover, if long-term time trends in air 

pollution and mortality rates are removed, and we focus only on year-to-

year differences in PM2.5 around its location specific trend, then this 

exposure can neither be confounded by factors that vary from city to city, 

nor by long term characteristics of the participants in the study 

(cumulative smoking, obesity, etc.) that change slowly over time. 

Importantly, the exposure variation we study (year-to-year differences 

around location specific trend) is also independent of predictors of 

health we have not measured. This approach is discussed further below.  

 Consequently, a key finding for cohort studies of mortality has come 

from studies examining changes in exposure and changes in mortality rates. 
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Most of the cohort studies, including the original Six City Study, have 

contrasted a measure of long-term exposure with long-term survival. They 

tell us that people have shorter lives in more polluted cities or 

neighborhoods. They do not directly tell us what mortality reduction 

accompanies a reduction in exposure. In a follow-up of the Harvard Six 

City Study, Laden and coworkers provided precisely that estimate.31 We 

examined a further 10 years of follow-up and mortality in the six cities. 

In some cities there was a substantial drop in pollution between the first 

and second follow-up periods, in some cities there was a moderate drop, 

and in some cities there was little or no change. The mortality rates 

followed the same pattern: where there was a substantial drop in 

pollution, there was a substantial improvement in life expectancy; where 

there was little change in pollution concentrations, there was little 

change in life expectancy. The slope for change in exposure and change in 

death rate was similar to, but slightly higher than, the original cross-

sectional slope.  

 If the mortality rates change within a town as the air pollution 

changes, and those changes fit on the same dose-response curve as the 

original curve looking at mortality and pollution across towns, this 

provides substantial assurance that the association is not confounded, 

because the factors that are likely to confound an association of temporal 

change are usually different from those that might confound a cross-

sectional study, and there is no reason for the confounding of two 
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different estimates by different confounders to produce similarly sized 

estimated effects for particles. 

 This conclusion is also supported by natural experiments, the abrupt 

changes I mentioned above. Pope and coworkers reported that mortality fell 

in the Utah Valley in the year a strike closed a steel mill, and returned 

to its previous level the next year when mill operations resumed.32  

 The finding of a rapid change in mortality risk associated with 

change in particle exposure fits nicely with a similar report for lung 

function (a predictor of life expectancy) described in a later section 

about the Swiss Cohort Study on Air Pollution and Lung Diseases in Adults 

(SAPALDIA) study.33 In that study, we looked at lung function decline in 

adults (lung function falls from approximately age 35 continuously with 

age). We estimated PM2.5 concentrations at each participant’s home address 

and found that the rate at which lung function fell in adults depended on 

the rate at which air pollution fell at the address where they lived. If 

particulate air pollution fell by more at a participant’s address, the 

rate of lung function decline was slower. 

Another study examined changes in life expectancy across 51 

metropolitan areas in the United States, between 1980 and 2000. The study 

found that 15 percent of the increase in life expectancy during that 

period came from decreases in air pollution, and that in the more polluted 

cities that cleaned up, life expectancy was increased by 10 months.28   
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  Zanobetti and Schwartz followed a cohort of over 190,000 subjects 

discharged alive from hospitals following myocardial infarctions (heart 

attacks).34 We used a form of causal modeling called differences in 

differences. We analyzed whether year-to-year fluctuations in air 

pollution within a city about its time trend were associated with year-to-

year differences in mortality rates in all Medicare participants in that 

city around their time trend, controlling for age, race, and sex of each 

participant.  

Using this approach, no predictors of mortality rates between cities 

can be confounders, because the analysis is only within city, and hence 

exposure is not associated with those variables. No time trends in city 

specific predictors of mortality rates can be confounders, because time 

trends are removed from air pollution and therefore it cannot be 

correlated with those predictors. What we are looking at is whether random 

year-to-year variations about its time trend in pollution in a city 

predict similar year-to-year variations in mortality rates around their 

time trend. Since year-to-year fluctuation in air pollution concentrations 

around their long-term trends are driven by things like year-to-year 

changes in what fraction of the time the wind was blowing from more 

polluted or less polluted upwind regions, and year-to-year variations in 

wind speed and inversions, it is difficult to imagine it is correlated 

with other factors influencing mortality rates. Specifically, we looked at 

year-to-year changes in exposure within 21 cities and how they related to 
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the probability of surviving that year. We adjusted for long-term time 

trend, and did separate analyses within each of 21 cities. We then 

combined the results across cities. We reported a significant association 

with PM10 in this susceptible subgroup and larger coefficients (the slope 

between exposure and mortality risk) than were seen in the Six City Study. 

A follow-up study looking at people with chronic bronchitis and emphysema 

in the same manner found a similar result.35 This is a generalization to 

multiple locations and time periods of a well-known causal modeling 

technique called differences in differences.  

Another study in a similar vein was the work of Janke and coworkers.36 

They looked at 354 local governmental units in England, comparing the 

annual mortality rates for multiple years in each location to the annual 

air pollution concentrations, controlling for location and local time 

trend. Again, they were looking at whether random deviations from year-to-

year in air pollution around the local means and local time trend are 

correlated with random deviations in mortality rates around the local mean 

and local time trend. Such a design leaves little room for confounding. 

They found a strong association with particulate air pollution.  

Subsequently, Kioumourtzoglou and coworkers followed 35 million 

Medicare participants in 207 cities for 11 years using the same 

differences in differences approach.37 The results confirmed a causal 

association between particulate air pollution and annual mortality rates. 
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Specifically, we found that a 10 μg/m3 increase in PM2.5 produced a 19 

percent increase in mortality rates in the 35 million study subjects.  

More recently, Abu Awad and coworkers examined over 12 million 

Medicare beneficiaries all over the US who moved to a new ZIP code38. Since 

the participants are unlikely to know the air pollution concentrations at 

different potential addresses they considered moving to, and we only 

compared people who moved from the same original neighborhood, we believe 

that the change in pollution from old to new ZIP code is likely 

independent of any predictors of mortality. We checked this by examining 

how the distribution of age, eligibility for Medicaid, median income, 

median house value, smoking rates, previous hospitalization for a heart 

attack, etc. compared with the changed in air pollution, and found there 

was no difference. To further assure a causal estimate, we only compared 

individuals who had moved from the same ZIP code to each other. Hence 

median income, green space, past air pollution exposure or any other 

characteristic of the old neighborhood were controlled for. We further 

controlled for socio-economic and other factors at the new ZIP code. We 

found a significant association of PM2.5 with mortality, with a larger 

impact when we restricted to only ZIP codes with PM2.5 concentrations below 

the current ambient standard of 12 μg/m3.  

In addition, Yitshak-Sade and coworkers did a differences in 

differences analysis of all Medicare deaths (5.8 million) among Medicare 

participants (15.4 million) in the Northeast and Mid-Atlantic states, 
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using ZIP code level rates, they again reported a significant association 

with PM2.539. Similarly, a recent differences in differences analysis in 

central Italy (including Rome) reported a significant association of 

particles with annual deaths40.  

Using another causal modeling approach, Wang and coworkers looked at all 

Medicare participants in the Southeast and reported that PM2.5 increased 

death rates in that population41. The approach is called doubly robust, 

because if either the analysis of mortality vs. predictors is done 

correctly or the analysis of PM2.5 vs. predictors is done correctly, an 

unbiased causal estimate is produced.  

Another study of Pope and coworkers again looked at a natural 

experiment42. A copper smelter strike in the Southwest between 15 July 1967 

and early April 1968 shut down all the smelters in the region. During the 

1960s, smelters accounted for a substantial fraction of all particles in 

these southwestern states. As reported by Trijonis and Yuan (1978) and 

Trijonis (1979) this strike led to significant reductions in particles in 

the Southwest of approximately 2.5 µg/m3 in mass concentration during the 

strike, with the concentrations going back up after it was settled. This 

natural experiment really is equivalent to a randomized trial. The 

population of the downwind states had no choice in the matter—they were 

exposed to higher, lower, and then higher particle concentrations over 

time, just as in a crossover trial for a drug. Nor did they even have a 
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perception that their exposure had changed, since there was little public 

attention to air pollution in this period.  

Pope and coworkers analyzed this natural experiment to see how 

mortality rates change in response to the change in particle 

concentrations. After controlling for time trends, mortality counts in 

bordering states, and influenza/pneumonia deaths, they found that the 2.5 

µg/m3 decrease in particle concentrations resulted in a 2.5% decrease in 

the number of deaths in the four-state region. This unambiguously 

establishes particles as a cause of early death.  

 In comparison, a 2.5 µg/m3 decrease in long-term average PM2.5 

concentrations in the American Cancer Society Cohort study was associated 

with about a 1.5% decrease in deaths, whereas in the Harvard Six City 

Cohort, the same decrease was associated with a 4% reduction in deaths. So 

these results from a natural experiment are similar to those from cohort 

studies. Moreover the exposure change during the strike only lasted for 8 

months, so the impact of a change for a year or more would likely have 

been higher. Hence this natural experiment not only shows that particles 

kill people, its effect size is consistent with the long-term studies of 

mortality from following cohorts.  

Wang applied the differences in differences approach to the entire 

population of New Jersey43. We identified the census tracts of all deaths 

in New Jersey over a six-year period. We then controlled for all ~2,000 

census tracts in the state, so there could be no confounding by any factor 
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that differed among census tracts, and for each year of the study, so that 

differences in time from year-to-year could not confound the association. 

We used satellite remote sensing to measure PM2.5 concentrations in each 

year in each census tract and examined whether fluctuations within census 

tract in PM2.5 concentrations around the tract mean and statewide trend 

were associated with fluctuations in the mortality rate within each census 

tract around its tract mean and the statewide trend. We found a causal 

estimate of a 15% increase in annual deaths for each 10 µg/m3 increase in 

PM2.5.  

Other studies have taken the alternative approach I mentioned, 

weighting the study population using what is called a propensity score to 

make exposure to PM2.5 independent of all measured confounders. Wang 

applied this to a study 13 million Medicare participants in the Southeast 

U.S. He found a significant causal effect of PM2.5 on deaths in this 

population, indicating that each 1 µg/m3 increase in PM2.5 in the Southeast 

resulted in an additional 5,000 deaths per year in the Southeast Medicare 

population.  

Another quasi-experimental study used a causal modeling approach 

called a regression discontinuity design. Instead of looking at a sudden 

change in exposure with time, this examined a sudden change spatially. 

China had a policy of providing subsidized coal for heating to people 

living in the north of the country, but not in the south where it was 

warmer. Necessarily, they needed to define a boundary where the subsidy 
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stopped. The regression discontinuity design says that if one looks at the 

air pollution concentrations in China, going from the south to the north, 

one would expect this policy to cause a discontinuous change, with a 

sudden jump in concentration at the boundary. If air pollution increases 

mortality rates, then one would similarly expect a discontinuous jump in 

the mortality rate at the border. This is precisely what the investigators 

found. To ensure that differences in other factors between north and south 

China were not confounders, they did not simply contrast the averages 

between north and south, but rather let the mortality rate vary smoothly 

approaching the boundary from the north and from the south and found a 

discontinuous jump at the boundary. That difference is a causal estimate 

of the effect of the pollution, because in the immediate vicinity of the 

line, it was an arbitrary decision as to which side of it people lived, 

and hence exposure was randomly assigned. The investigators found that 

there was more particle pollution north of the line, and that pollution 

caused more than a 5 year loss of life expectancy44. A follow-up study 

looked at more recent years with lower exposure, and continued to report a 

significant 3.1 year drop in life expectancy and increase in particle 

concentrations occurred at the boundary line45. The below figure from their 

paper shows life expectancy rising as one moves from 10 degrees south of 

the boundary to the boundary and rising at a similar rate north of the 

boundary for another 10 degrees, but with the line shifted down 

noticeably.  
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Recent Additional Studies and Consistency 

Studies of long-term effects of particles on mortality rates in large 

cohorts continue to be produced and find similar results. The ESCAPE study 

pooled 19 cohort studies in Europe and reported a significant association 

between PM2.5 and mortality rates, with a percent increase in death rates 

per 10 µg/m3 of PM2.5 almost identical to the Six City Study results46. A 

study of 121,000 nurses by Hart reported slightly larger increases in 

mortality rates for the same increment in exposure24. They also 

demonstrated that error in estimating exposure resulted in an 

underestimate of the true effect. In 2015, a study which followed over 7 
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million adults in the Netherlands reported an association between PM10 and 

mortality, after controlling for both individual level and area level 

socioeconomic status. Converted to PM2.5, the estimated size of effect was 

identical to that Lepeule reported in the Six City Study47. A study of a 

Canadian cohort of 2.5 million participants reported a significant 

association with PM2.5 concentrations. A cohort of over 120,000 

participants followed for lung cancer incidence reported a significant 

association with PM2.525. And a further analysis of the ACS cohort using 

better exposure modeling, longer follow-up, and twice as many deaths, 

reported that both local and regional PM2.5 were associated with increased 

risks of death25, 48, 49. The National English Cohort study reported a 

significant and somewhat larger effect of PM2.550.  

Most recently Di followed the entire Medicare population of the 

contiguous U.S. (61 million people) for up to 13 years, using PM2.5 

exposure at their ZIP codes of residence. He reported a strong association 

between PM2.5 and mortality rates, with no evidence of a threshold27.  

In addition, I published a paper, using a causal modeling approach 

(inverse probability weighting) that directly analyzed the effect of PM2.5 

on life expectancy instead of mortality rate51. I found that compared to a 

population exposed to 12 µg/m3, the same population exposed to 7.5 µg/m3 

would have a 0.89 year longer average life expectancy.  

It is important to note that these epidemiology studies are supported 

by toxicology studies, described in more detail below, which show that 
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particle exposure can destabilize atherosclerotic plaque (which increases 

the risk of a heart attack or stroke), can promote the growth of 

atherosclerosis (hardening of the arteries), can increase inflammation 

(which is a risk factor for heart attacks and strokes), disturb 

electrocardiogram rhythms (which is a risk factor for arrhythmias and 

heart attacks), can increase factors that promote blood clotting (a risk 

factor for heart attacks and strokes), can alter expression of hundreds of 

genes related to inflammation and other stresses in cells, etc. There are 

even short-term randomized trials placing particle filters or sham filters 

in people’s homes showing that real filters lower blood pressure, reduce 

insulin resistance, stabilize electrical control of the heart, reduce 

systemic inflammation, and lower stress hormones in the body. There can be 

no question as to the causality of those effects. Hence, there is no doubt 

that particles cause heart disease and increase the risk of dying from it.  

The association between airborne particles and mortality implies a 

very large public health impact. For example, the Laden paper suggests 

that emission reductions that produced an average 5 µg/m3 decrease in PM2.5 

concentrations in the United States would be associated with a 5 to 10 

percent decrease in total mortality, which is 100,000 to 200,000 fewer 

deaths per year. For comparison, the lower bound estimate is more deaths 

than from AIDS, breast cancer, and prostate cancer combined. Indeed, in 

another comparison, the Lancet Global Health Commission reported that 

globally, air pollution kills more people than AIDS, Malaria, and 
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Tuberculosis. In contrast to those diseases, we know how to lower PM2.5, 

and hence cure the particle associated deaths. Lowering NO2 emissions is 

part of that cure.  

 

III.A.1.b. Short-Term Exposure: Particles and Mortality 

 It is my opinion that airborne particles clearly are associated with 

increased deaths on that day and the next few days. These results are 

confirmed by large numbers of studies.  

 The earliest and clearest studies of the effects of short-term 

changes in particles on mortality focused on severe air pollution 

episodes. Death counts for several days or weeks during and immediately 

after the episodes were compared to those before and after the event, or 

to the same dates in other years. These studies unambiguously showed that 

high concentrations of PM could increase death rates.  

For example, the figure below shows daily deaths and daily black 

smoke concentrations in London in the 1952 episode.52 As the month began, a 

combination of weather fronts produced a sharp drop in wind speed, 

particularly over the southeast part of the country. On December 4, the 

wind velocity at the Kew Observatory in west London dropped from 6 knots 

at noon to 0 knots by 6 p.m. A low-level thermal inversion combined with 

this to produce a rapid increase in particle concentrations. Deaths rose 

rapidly with the increase in particles. They also trailed off rapidly with 

the fall in particles. However, while there was an initial rapid decline, 
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it had a slow tailing off and did not drop back to pre-episode levels 

immediately. Instead it remained somewhat elevated for several weeks. This 

long tail of increased deaths after an episode has been reported in other 

sudden air pollution episodes, and is consistent with the results of 

Zanobetti et al.,53 where much lower particle exposures were shown to have 

an effect on mortality for weeks after the exposure.  

Figure 3. Daily deaths and smoke concentrations in London in 1952 

 

This pattern was not due to influenza, because the epidemic did not hit 

Britain until about a month later. In the 160 Great Towns of England and 

Wales (excluding London), the weekly deaths changed from 4,585 in the 

preceding week to 4,749 in the week of the episode. The increase in 

pollution was far less in those towns than in London, due to a lack of 

temperature inversions. Similar associations were reported in other 

episodes54. By their nature, such studies do not tell us what happens at 
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weather, when airborne particles increase, daily deaths increase. This has 

been found in the United States, Europe, and Asia.59-61 For example, 

Zanobetti and Schwartz analyzed the association of fine and coarse 

particulate matter on daily deaths in over 100 cities in the United States 

and reported strong associations with both.61  

A recent paper in the New England Journal of Medicine examined the 

relationship between daily particle concentrations and daily deaths in 652 

cities around the world. They reported a significant association with PM2.5 

after controlling for gaseous air pollutants and temperature, with a 

larger change in death rate per µg/m3 in cities with lower concentrations, 

such as in the U.S.62  

Moreover, this is again supported by animal studies and controlled 

human exposure studies showing that short-term exposure to particles 

increases blood pressure, decreases arterial diameter, increases 

inflammation in the arteries, changes electrocardiogram patterns, etc., 

all of which produce short-term increases in the risk of death from heart 

disease. Other studies show that particle exposure exacerbates pneumonia 

in animals, providing support for the studies showing that particles are 

associated with increased deaths from pneumonia.  

 

Confounding 

 There is convincing evidence that the association of particles with 

early death cannot be explained by confounding. The issue here is similar 
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to that discussed for longer-term exposure above—could some other factor, 

correlated with both exposure and mortality, explain the observed 

association. One important difference in these short-term studies of day-

to-day changes is that most of the confounders one might worry about in 

the long-term studies cannot be confounders here. Socio-economic status, 

body mass index, years of smoking in the population, etc. simply do not 

vary from day-to-day, and hence cannot possibly confound the association 

of daily deaths with day-to-day changes in PM2.5.  

 

Case-Crossover Studies 

 The case-crossover design, introduced by Maclure in 1991, is a method 

for investigating the acute effects of an exposure.63 In the case-crossover 

approach, a case-control study is conducted whereby each person who had an 

event is matched with him/herself at a nearby time period where s/he did 

not have the event. The subject’s characteristics and exposures at the 

time of the case event are compared with those of control periods in which 

the event did not occur. If exposure is related to the risk of an event, 

then we would expect, on average, higher exposure levels on the event days 

than on the control days. I introduced this approach to studying mortality 

effects of daily changes in particulate air pollution. 

Applied to the association of air pollution with risk of death, the 

approach has several advantages. Because in this analysis each person 

serves as his or her own control, the use of a nearby day as the control 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

61 

 

period means that all covariates that change slowly over time, such as 

smoking history, age, obesity, usual diet, diabetes, and so forth, are 

controlled for by matching. Again this is an approach that makes sure that 

most predictors of outcome are independent of exposure, producing 

estimates that can have a causal interpretation. The health profile of the 

person is the same on the day they died and the nearby control days except 

for a very few things that can change importantly from day-to-day. Hence, 

almost all confounding is eliminated by design. The remaining health risks 

that might have day-to-day fluctuations in parallel with particulate air 

pollution are other pollutants and weather.  

The method also allows a more straightforward approach to seasonal 

control. Traditional methods involve Poisson regressions with smooth 

functions or regression splines to control for season. The case–crossover 

design controls automatically for seasonal variation, time trends, and 

confounders that vary slowly by time because the case and control periods 

are separated by a relatively small interval of time. That is, season and 

time trends are controlled by matching. Bateson and Schwartz demonstrated 

that by choosing control days close to event days, even very strong 

confounding of exposure by seasonal patterns could be controlled by design 

in the case-control approach.64, 65 This makes the approach an attractive 

alternative to the Poisson models. 

Once one has adopted the framework of choosing control days close to 

the event day for each subject, it is straightforward to extend this to 
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control for a gaseous air pollutant. One can examine all of the potential 

control days that are close enough in time to each event day to control 

for seasonal confounding, and select the subset that also has the same 

level of the gaseous co-pollutant as the event day.66, 67 Since the day of 

death and control day for each decedent have the same concentration of the 

other co-pollutant, the association between PM and death (from having on 

average higher PM on the day of death than the control day) cannot be 

alternatively explained by the other pollutant, which is the same on both 

days.  

I applied this approach to a study of particulate air pollution and 

daily deaths in 14 U.S. cities.67 After matching, there were about 400,000 

deaths in each analysis. PM10 was a significant predictor of mortality when 

controlling for gaseous air pollutants, with effect sizes ranging from a 

0.45 percent increase in daily deaths per 10 µg/m3 increment of PM10 [95% 

confidence interval (CI), 0.12–0.79%] when death and control days were 

matched ozone levels, to a 0.81 percent increase per 10 µg/m3 increment of 

PM10 (95% CI, 0.47–1.16%) when matched on SO2. 

As noted above, the matching of case and control days by SO2, NO2, CO, 

and O3 unambiguously showed that particles were associated with higher 

daily death rates in situations where those pollutants could not possibly 

be alternative explanations of the observed association, because they were 

the same on the day of death and control day. I did a similar study where 

the day of death and control day were matched by temperature, and again 
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showed there was no confounding66. Hence, neither temperature nor other air 

pollutants can explain the observed association.  

More recently, we again used our national model predicting PM2.5 daily 

on a 1km grid for the continental U.S.68 to fit a case-crossover analysis 

in the entire Medicare population. We looked at 22 million deaths among 61 

million Medicare participants in the U.S. and found a highly significant 

association between PM2.5 and daily deaths, which continued well below the 

EPA ambient air quality standard.  

 

Covariate Adjustment to avoid confounding 

Other studies using different methodologies have arrived at the same 

conclusion. For example, the National Mortality and Morbidity Air 

Pollution Study (NMMAPS) fit two pollutant models in the 20 largest U.S. 

cities to estimate whether there were significant associations of 

particles with daily deaths independent of gaseous pollutants, and found 

that the association with particles was unchanged by control for gases.69 

In another approach, I used a two-stage hierarchical model to examine 

confounding by gaseous air pollutants.70-72 The basic idea of this approach 

is that the relationship between particles and the putative confounder 

varies by city and season. If the observed particle effect on daily deaths 

is really due to the other air pollutant, the size of the estimated 

particle effect should vary in the same way as that relationship between 

the particles and the confounder. That is, suppose that the particle 
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effect was really due to ozone instead. The association of ozone with 

particles is quite different between summer and winter, and also varies by 

city. If the observed particle effect were due to ozone, one would expect 

it to vary between summer and winter, and by city in a manner parallel to 

how the relationship between particles and ozone varied. It did not in the 

NMMAPS study, confirming the lack of confounding by other pollutants.  

 Another possibility considered was confounding by respiratory 

epidemics. To examine this, Braga, I and other coworkers analyzed daily 

deaths and PM in five U.S. cities in two ways.73 First, we did the now-

classic Poisson time series analysis. Then, we used hospitalization data 

for pneumonia to identify each serious respiratory epidemic in each city. 

We fit 6th degree polynomials for each epidemic in each city to explain its 

rise and fall with time and compared the association with particles to the 

original results. There were no changes in the association between daily 

PM and daily death, with or without control for epidemics.  

 Another way to ensure another air pollutant does not explain an 

association is to conduct a study in a location and at a time where that 

other air pollutant is not present. For example, Fairley examined the 

association of particles and daily deaths in Santa Clara, California, in 

the winters.58 Since ozone is a summertime pollutant, ozone was essentially 

not present, and since sulfur containing fuels are not used in California, 

SO2 levels were essentially non-existent. Yet similar associations with 

particles were seen as in other cities. Similarly, there is essentially no 
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SO2 in Provo, Utah, where particles have been associated with daily 

deaths.32 Similarly, the analysis of London winters could not have been 

confounded by ozone.55 

 The report of Sarnat et al. in Baltimore is also informative on the 

question of confounding.74 To argue that the effect of particles on 

mortality is really due to the fact that particle concentrations are 

correlated with, for example, SO2 concentrations, makes an unspoken 

assumption. It assumes that particle concentrations measured at monitors 

in a city are related to personal exposure to particles, and that SO2 

concentrations are related to personal exposure to SO2. Sarnat and 

coworkers used personal samplers that measured personal exposures to 

particles and these other pollutants in adults and children in the summer 

and winter to determine whether this was true. We found that personal 

exposures to particles and the particle concentrations at monitors were 

related. They also found that day-to-day variations in gaseous air 

pollutants measured at the central monitoring stations in the city were 

not associated with day-to-day changes in personal exposures to those 

gases. However, the monitored values of SO2 and other gases were associated 

with day-to-day changes in personal exposure to PM2.5. Hence, measurements 

of gaseous pollutants at central monitoring stations are not 

approximations of exposure to those gases. They are approximations of 

exposure to particles. In contrast, the measurements of particles at the 

central monitoring stations were correlated with personal exposure to 
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particles. Hence, ambient measurements of gases may be alternative 

surrogates for exposures to particles and not measurements of confounders 

at all. This indicates that studies of particles should not control for 

those gases. Another study in Boston confirmed these results.75 

  Another personal exposure study examined the association among 

ambient measurements of temperature, personal exposure to temperature, and 

skin temperature in Baltimore. In this case, as well, ambient temperature 

was not correlated with either personal exposure to temperature or with 

skin temperature, indicating little potential for confounding.76 This is 

not surprising. Adults in the United States spend over 95 percent of their 

time indoors, where space heating is ubiquitous and air conditioning 

common.  

 

Causal Modeling to avoid Confounding  

Another causal modeling approach to avoid confounding is called an 

instrumental variable analysis. The basic idea is that there are many sources 

of variation in particulate air pollution. If one can identify one of those 

sources, which is not plausibly associated with any potential confounders, 

one can use it as a surrogate for exposure, and if it is associated with 

daily deaths, the association must be causal since it is not confounded. I 

applied this approach in a study of PM2.5 and daily deaths in Boston.77 I used 

a model from the National Oceanographic and Atmospheric Administration, which 

can track back trajectories of where the air over Boston at any given day 
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was up to 96 hours prior to reaching Boston. I believe these trajectories 

are a valid instrument since 1) they represent emissions elsewhere, and are 

unaffected by the behavior of people in Boston; 2) people in Boston are 

unaware of them, and hence do not modify their behavior based on them; and 

3) there is no plausible connection between them and changes in other 

behavior that influences short-term mortality rates such as number of 

cigarettes smoked, daily changes in diet, alcohol consumption, etc. The only 

possible exception is temperature, and so I controlled for temperature. We 

found a strong association between the instrument (i.e., back trajectories) 

and daily deaths in Boston. 

The above instrumental variable approach identified a causal effect of 

particles transported from upwind locations. I subsequently fit another 

instrumental variable model for Boston that focused on particles that were 

locally generated. The atmosphere close to the ground is characterized by 

strong vertical mixing, diluting local emissions into the air above and hence 

lowering the concentrations at ground level. However, the exact height up to 

which this mixing occurs (the mixing height) varies substantially from day-

to-day. On days when the mixing height is higher the same emissions will 

produce lower concentrations, since they are being diluted into more air, 

and vice versa. Hence, the mixing height explains some of the variation in 

exposure to local particles. It is also implausible that it influences the 

risk of dying through any other mechanism, and hence serves as a good 

instrument for variations of local particles that are independent of all 
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confounders. I showed that it, and local particles, were causally associated 

with day to day changes in how many people died78. As an alternative, I used 

a propensity score model to develop weights that made day-to-day changes in 

PM2.5, local or transported, independent of other predictors of death, and 

showed that this too, produced a significant causal association with daily 

deaths. 

Further, in a recent publication in the official journal of the 

National Institute for Environmental Health Sciences (part of the National 

Institutes of Health), I analyzed the relationship between PM2.5 and daily 

deaths in 135 U.S. cities using three different causal modeling methods, 

and combined the evidence across all the cities79. One causal method used 

daily fluctuations in the height up to which air pollution can get mixed, 

and diluted, as a surrogate for variations in PM2.5 that are due to 

something that is not itself a cause of death, nor a predictor of day to 

day changes in smoking, diet, etc. We found a significant association with 

PM2.5. A second method looks at PM2.5 exposure after the death occurred as a 

variable that cannot be causally related to the prior deaths, but could be 

correlated with the same omitted confounder that was correlated with PM2.5 

on the day of death. If such a variable exists, then control for PM2.5 

after the day of death should partially capture its effect and reduce the 

effect of PM2.5 on the day (or day before) the death. This did not happen, 

indicating that such a variable does not exist. The third approach used 

the IPW weighting approach, to make PM2.5 independent of all the covariates 
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so it cannot be confounded by them. Again, PM2.5 predicted higher death 

rates.  

 

Averaging Time 

Another line of research has sought to bridge the gap between studies 

looking at annual average (or longer) particle concentrations and annual 

death rates, and the studies looking at daily particle concentrations and 

daily deaths. In my own research, I have examined the association of daily 

deaths80 and hospital admissions81 with particles when averaged over 

different time periods, from days to months, after filtering out seasonal 

and long-term trends. I found that the size of the PM effect increased as 

one went from days to periods of up to two months. At that point, the 

effect size estimates seemed intermediate between those reported in daily 

time series, which looked at the previous day’s exposures, and those 

reported in the cohort studies, which show larger impacts.  

 As part of this approach, I developed a framework for thinking about 

how mortality rates might respond to increases in air pollution. In this 

framework, the population is divided into a general pool with low risk of 

dying, and a frail pool with high risk of dying in the near future. 

Because the causes of frailty can be at least partially reversible (e.g., 

people with pneumonia recover, people who survive a myocardial infarction 

have much lower risk of dying in the second month after the infarct than 

in the first, etc.), it is possible to transition back to the general pool 
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from the frail pool. Meanwhile, other events can cause transitions from 

the general pool to the frail pool. If the effect of particles on the 

recruitment rate into, or retention in, the frail pool is greater than the 

effects of particle exposure on the death rate out of the frail pool, 

increased exposure will result in an immediate increase in deaths (from 

the direct effect of particles on the death rate out of the frail pool).  

But it will also result in a delayed effect, as the increased population 

of the frail pool results in excess deaths over the next few months. The 

results of my studies indicate that this is the case. 

 A frequency domain regression approach by Zeger and coworkers showed 

similar results82. In several studies, Zanobetti and coworkers examined the 

time course of the mortality-death relationship directly, using 

distributed lag models53, 83. These models showed a pattern concordant with 

my hypothesis. There was an immediate increase in deaths following an 

increase in particle exposure, followed by a long tail of slightly 

increased deaths, stretching out for 40 days after the initial response. 

Time series studies by their nature have to control for season, and this 

makes it difficult to examine lags longer than a month or two, but the 

substantial increase in effect size reported by Zanobetti in these studies 

again suggests that the short-term and long-term responses to changes in 

airborne particles fall on a continuum.  

 Further support for this theory comes from studies looking at 

pregnancy outcomes and infant mortality. Both responses, by definition, 
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involve exposures of less than a year. For example, Bobak and Leon 

examined the cross-sectional association between air pollution and infant 

mortality rates across towns in the Czech Republic84, 85. A significant 

association was seen with particle concentrations. Woodruff and coworkers 

compared infant death rates in U.S. cities with their levels of PM in the 

air86. They excluded infant deaths in the first month after birth as likely 

to reflect complications of pregnancy and delivery, and found that PM10 was 

associated with higher death rates in the next 11 months of life. This 

excess risk seemed to be principally from respiratory illness, although 

sudden infant death syndrome deaths were also elevated. Further studies in 

later years looking at PM2.5 confirmed this association87, 88. 

 

III.A.2. DOSE RESPONSE AND THRESHOLD 

A critical issue regarding PM and health impacts is whether a 

threshold exists for the effects of particles, and more broadly, what 

shape the dose-response curve takes. I first summarize several conclusions 

on this matter by various regulatory and professional bodies, and then 

discuss my opinion regarding the conclusions reached by these bodies.  

After its recent reviews of the scientific literature on particulates 

and health impacts, EPA concluded that there is no evidence for a 

threshold. For example, the Regulatory Impact Analysis for the final 

Transport Rule, published in 2011, states:  
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Based on our review of the current body of scientific 

literature, EPA estimated PM-related mortality without applying 

an assumed concentration threshold. EPA’s Integrated Science 

Assessment for Particulate Matter (U.S. EPA, 2009b), which was 

recently reviewed by EPA’s Clean Air Scientific Advisory 

Committee (U.S. EPA-SAB, 2009a; U.S. EPA-SAB, 2009b), concluded 

that the scientific literature consistently finds that a no-

threshold log-linear model most adequately portrays the PM-

mortality concentration-response relationship while recognizing 

potential uncertainty about the exact shape of the 

concentration-response function89.  

This issue was extensively peer-reviewed by the CASAC, which concurred 

with the conclusion that there is no evidence for a threshold: “Although 

there is increasing uncertainty at lower levels, there is no evidence of a 

threshold (i.e., a level below which there is no risk for adverse health 

effects).”8 Similarly, the EPA Policy Assessment, a document that 

translates the ISA into a focus on policy relevant science and is also 

reviewed and approved by CASAC, stated: “We note that no discernible 

thresholds have been identified for any health effects associated with 

long or short-term PM2.5 exposures.”  

The National Academy of Sciences concurs, stating, “For pollutants 

such as PM10 and PM2.5, there is no evidence for any departure of linearity 

in the observed range of exposure, nor any indication of a threshold.”12 
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This is also the view of the World Health Organization. The United Nations 

Environment Program and the World Meteorological Association commissioned 

a report on the health and climate effects of controlling particles and 

ozone. As part of this internationally peer-reviewed report, they assessed 

the mortality effects of reducing particle emissions and ozone precursors. 

They found no evidence for a threshold in the mortality effects of 

particles, conducted a risk assessment for the health improvements that 

would result from the policies they were recommending, and concluded: 

Full implementation of the identified measures could avoid 2.4 

million premature deaths (within a range of 0.7-4.6 million) and 

the loss of 52 million tonnes (within a range of 30-140 million 

tonnes), 1-4 per cent, of the global production of maize, rice, 

soybean and wheat each year (Figure 1)90.  

This work has subsequently been published in Science.91  

Similarly, the Health Effects Subcommittee (HES) of EPA’s  Advisory 

Council on Clean Air Compliance Analysis, when asked whether EPA should do 

risk assessments assuming no threshold, stated that it “fully supports 

EPA’s use of a no-threshold model to estimate the mortality reductions 

associated with reduced PM exposure.”92 

 In the PM2.5 NAAQS rulemaking, EPA was asked by the Office of 

Management and Budget to conduct an expert elicitation on the dose-

response relation between particles and deaths and have it reviewed by 

EPA’s external review body, the Science Advisory Board. An expert 
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elicitation is a well-established process in Decision Science, and in this 

case involved having an outside contractor with expertise in these 

elicitations select experts in the field, obtain from them the studies 

each thought were most relevant to the issue, and make sure all the 

experts had seen all the studies. The contractor then conducted a 

structured 8-hour interview with each expert separately. In addition to 

review by the EPA’s external Science Advisory Board, this analysis was 

published in a peer review journal.   

Part of this process addressed the question of a threshold. As noted 

in EPA’s Expert Elicitation Report, 11 out of 12 reviewers believed that 

there was neither evidence nor even a theoretical basis for a threshold. 

The remaining reviewer thought there was a 50 percent probability of a 

threshold, but that if it existed, there was an 80 percent probability 

that it was below 5 µg/m3.  

In its most recent statement on air pollution, the World Health 

Organization stated specifically about PM2.5, that “[s]mall particulate 

pollution has health impacts even at very low concentrations – indeed no 

threshold has been identified below which no damage to health is observed” 

(http://www.who.int/en/news-room/fact-sheets/detail/ambient-(outdoor)-air-

quality-and-health). 

In summary, EPA, and two external panels of scientific advisors 

(CASAC and HES), and WHO believe that the effects of PM2.5 continue below 

the NAAQS, with no evidence of a threshold.  



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

75 

 

It is easy to see why the expert reviewers reached this conclusion. 

For example, in another follow-up analysis of the Six City Study, I looked 

at year-to-year changes in particle concentrations to examine two 

questions: does the dose-response continue below 15 µg/m3; and what is the 

lag between change in exposure and change in mortality rate?93 We used a 

penalized spline with up to 18 degrees of freedom (essentially, a 

polynomial with 18 terms to capture any deviation from linearity), and 

showed that the association was essentially linear down to 8 µg/m3 where 

the data becomes sparse, and that the effects of reduced particle exposure 

on mortality appear to be mostly seen within two years. The figure below 

shows that association. The dark dots are the dose-response curve, and the 

open circles represent 95% confidence intervals.  
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Figure 5. Effects of reduced particle exposure on mortality in a follow-up 

analysis of the Six City Study 

  

 

Because the uncertainties around the dose-response curve from fitting 

a particular model do not reflect the uncertainty in model choice, we also 

used model averaging, where we explicitly fit 32 models and averaged them, 

weighted by their probability of being correct given the data.93 These 

models explicitly included the possibility of thresholds at multiple 

different particle concentrations. The association was again 

indistinguishable from linear with no evidence of a threshold down to the 

lowest measured level of 8 µg/m3. Similarly, Pope and coworkers used 
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nonparametric smoothing to look at the association of PM2.5 and mortality 

in the ACS cohort, and the association was linear from 15 µg/m3 down to the 

lowest observed levels (which were also about 8 µg/m3).94  

As mentioned above, in Di et al., we examined the association of 

annual average PM2.5 concentrations and mortality rates in 61 million 

Medicare beneficiaries over 13 years. The extremely large sample size 

allowed us to estimate the dose-response curve with high confidence. The 

figure below shows that dose-response curve, with the dashed lines 

representing the 95% confidence intervals about that line. The Hazard 

Ratio in the graph is the ratio of the mortality rate at each PM2.5 

concentration to the mortality rate at the lowest concentration. Hence, 

the figure indicates that the mortality rate is 2% higher at 8 µg/m3 than 

at 6 µg/m3. The line was estimated as a flexible spline, which would allow 

it to detect a threshold if one existed. We also explicitly fit a separate 

model restricted to observations that were below the EPA standard of 12 

µg/m3. When we restricted the analysis to people residing in ZIP codes with 

annual PM2.5 concentration below the 12 µg/m3 NAAQS, there were 247,682,367 

person-years of follow-up and 11,908,888 deaths. We found a 1.36% (95% 

Confidence Interval (CI) 1.31%, 1.41%) increase in mortality rate per 1 

µg/m3 increase in PM2.5 below 12 µg/m3.   
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Figure 6. Mortality rates change with PM2.5 by ZIP code  

  

 A similar result has been seen in studies looking at the acute effect 

of particle exposure on deaths within a few days of exposure. This has 

been addressed in a number of large multicity studies. For example, I 

introduced an approach called meta-smoothing to combine nonlinear dose-

response curves across multiple studies.95 In simulation studies, I showed 

that it was capable of detecting a threshold, among other forms on 

nonlinearity, with good accuracy and no bias. This held true even with 
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measurement error in exposure. I then applied it to a study of air 

pollution and daily deaths in 10 U.S. cities. The figure below is the 

result, showing no evidence of a threshold down to the lowest levels of 

PM10. 

Figure 7. Dose response between PM10 and daily deaths in 10 U.S. cities 

 

 

 

 

 

 

 

 

 

 

I also repeated this same analysis using PM2.5 as the exposure, instead of 

PM10, in six U.S. cities where that data was then available.96 Those results 

are shown below. Note that essentially the entire dose-response curve 

takes place on days below the current ambient air quality standard (35 

µg/m3).  
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Figure 8. Dose response between PM2.5 and daily deaths in six U.S. Cities 

 

 

 

 

 

 

 

  

 

 

 

Again, there have also been other approaches applied, again with the same 

conclusion60, 97, 72, 98, 9972, 98, 99, 71, 96, 70, 95, 69, 94, 68, 93, 67, 92, 66, 91, 90, 65, 89, 63, 87, 

88.  

Most recently, we published a study of the entire U.S. Medicare 

population, which suffered over 22 million deaths over a 13 year follow-

up100. We used a case-crossover analysis and found a significant 

association of PM2.5 on the day of and day before the death with the risk 

of dying. This association remained significant and the slope increased 

when the analysis was restricted to days with PM2.5 < 25 µg/m3, well below 

EPA’s current 24-hour standard of 35 µg/m3, and continued well below 10 

µg/m3.  
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The Canadian Community Health Survey cohort, published in 2016, 

studied 300,000 people across Canada101. The mean annual PM2.5 concentration 

in the participants was only 6.3 µg/m3, a concentration below that 

prevailing in most of the U.S. Eighty percent of the population was 

exposed to concentrations below 8.8 µg/m3, a concentration that was is 

substantially lower than the NAAQS of 12 µg/m3. Yet they found a highly 

significant association of increments in PM2.5 across that exposure range 

with mortality, with a slope of 1.26% increase in mortality rates per 1 

µg/m3 increase in PM2.5. A formal analysis looking for a threshold found a 

value of 0 µg/m3.  

As noted by the members of the expert elicitation panel, these 

empirical results are also consistent with biological understanding. The 

mechanisms by which particles act include increasing the production of 

oxidizing chemicals in the body and increasing the amount of inflammation 

in the lungs, the heart, and systemically. These are not rare processes, 

where one might think that some effort would be required to overwhelm 

built-in defenses. Rather, these are processes that are fundamental to the 

process of aging itself. They are well known to happen at levels above the 

body’s ability to compensate, resulting in decreased lung function over 

time, increased atherosclerosis over time, etc. Given this, it is not 

surprising that any incremental increase in these processes produces 

incremental damage. Hence, one would not expect a threshold to exist.  

In addition, the World Health Organization has stated: 
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“[s]mall particulate pollution has health impacts even at very low 

concentrations – indeed no threshold has been identified below which no 

damage to health is observed (http://www.who.int/en/news-room/fact-

sheets/detail/ambient-(outdoor)-air-quality-and-health).” 

 

III.A.2.a. IMPLICATIONS OF A LINEAR RELATIONSHIP WITH NO THRESHOLD 

If, as the data indicate and the scientific community believes, there 

is a linear dose-response relationship between mortality and PM2.5 

concentrations with no no-effects threshold, then any increase in particle 

concentrations in downwind communities of an emission source will result 

in an increase in the death rate in those communities. While the increased 

rate will depend on the amount of increase in particle concentrations, and 

in some cases may be low, it will not be zero. Arguments that the increase 

in emissions is small and can be considered negligible are therefore, 

inapt. Small increases in emissions produce small increases in risk, not 

zero increases in risk. Hence, there will be early deaths and other health 

effects associated with such an increase over time. This opinion is also 

supported by the Health Effects Subcommittee (HES) of the Advisory Council 

on Clean Air Compliance Analysis, another external scientific peer review 

board for EPA, which as part of a formal review of and EPA analysis of the 

costs and benefits of the Clean Air Act stated “Further, the HES fully 

supports EPA’s use of a no-threshold model to estimate the mortality 

reductions associated with reduced PM exposure.92” 
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III.A.2.b. PARTICLE HEALTH EFFECTS AND  

THE NATIONAL AMBIENT AIR QUALITY STANDARDS 

It is sometimes argued that by setting a National Ambient Air Quality 

Standard for particles, EPA has determined that there are no adverse 

health effects at concentrations below that standard. EPA has explicitly 

rejected that interpretation, as noted above. For example, in its 

Regulatory Impact Analysis for the 1997 PM2.5 standard, EPA stated that a 

NAAQS was not a “no effects” level. Specifically, the agency said “The Act 

does not require the Administrator to establish a primary NAAQS at a zero-

risk level.” Subsequently, in its Regulatory Impact Analysis for the Clean 

Air Interstate Rule (2005), EPA again estimated health impacts of PM2.5 

using a linear dose-response relationship without a threshold. This is 

consistent with CASAC approved statements by EPA in its Policy Statement 

for the PM2.5 NAAQS, specifically: 

“We note that no discernible thresholds have been identified for any 

health effects associated with long or short-term PM2.5 exposures.” (p 

ES-1) 

EPA has explicitly rejected the view that there are no adverse health 

impacts from particles at concentrations below the NAAQS and gone further 

to explicitly calculate the lives saved due to further reductions in PM2.5 

concentrations starting from levels below the NAAQS. It has done this in 
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the RIA for the PM2.5 NAAQS itself. For example, in the RIA for the most 

recent PM2.5 standard, EPA stated: 

“We assume that the health impact function for fine particles is log-

linear without a threshold in this analysis. Thus, the estimates 

include health benefits from reducing fine particles in areas with 

varied concentrations of PM2.5, including both areas that do not meet 

the fine particle standard and those areas that are in attainment, 

down to the lowest modeled concentrations.” 

 

And: 

 

“Therefore, it is not appropriate to estimate the fraction of 

benefits that occur only in the counties that exceed the standards.” 

 

And: 

 

“The NAAQS are not set at levels that eliminate the risk of air 

pollution”102. 

EPA’s position could not be clearer. As noted previously, EPA concluded in 

its RIA for the Transport rule that there was no threshold, which was 

again endorsed by CASAC. Similarly, the EPA Policy Assessment for setting 

the NAAQS, a document that translates the Integrated Science Assessment 

(ISA) into a focus on policy-relevant science and is also reviewed and 

approved by CASAC, stated:  

“We note that no discernible thresholds have been identified for any 

health effects associated with long or short-term PM2.5 exposures.”103  
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By definition, no threshold means that any incremental exposure produces 

an incremental increase in the rate of mortality (or other health effect).  

EPA has another external scientific peer review panel that reviews 

the science and methods used for EPA’s estimate of the benefits of the 

Clean Air Act. The Health Effects Subcommittee (HES) of the Advisory 

Council on Clean Air Compliance Analysis is charged with reviewing EPA’s 

analysis of the costs and benefits of Clean Air Act regulations. As part 

of that review, in 2009, EPA explicitly requested comments about a 

threshold for the effect of PM2.5 on mortality, asking 

“Does the Council HES support the use of a no-threshold model for 

generation of the Primary Estimates of PM mortality incidence 

reduction?”  

The HES responded:  

“The HES fully supports EPA’s decision to use a no-threshold model to 

estimate mortality reductions. This decision is supported by the 

data, which are quite consistent in showing effects down to the 

lowest measured levels. Analyses of cohorts using data from more 

recent years, during which time PM concentrations have fallen, 

continue to report strong associations with mortality.”104 

There is good reason for these conclusions. The Canadian Community Health 

Survey cohort, published in 2016, studied 300,000 people across Canada101. 

The mean annual PM2.5 concentration in the participants was only 6.3 µg/m3, 

a concentration well below that prevailing in most US locations where the 
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excess NOx emissions occurred. Eighty percent of the population was 

exposed to concentrations below 8.8 µg/m3, a concentration that is 

substantially lower than the NAAQS of 12 µg/m3. Yet they found a highly 

significant association of increments in PM2.5 across that exposure range 

with mortality, with a slope of 1.26% increase in mortality rates per 1 

µg/m3 increase in PM2.5. A formal analysis looking for a threshold found a 

value of 0 µg/m3.  

In the Medicare cohort study of Di27, we followed the entire Medicare 

population of the United States between 2000 and 2012. When we restricted 

the analysis to people residing in ZIP Codes with annual PM2.5 

concentration below the 12 µg/m3 NAAQS, there were 247,682,367 person-years 

of follow-up and 11,908,888 deaths. We found a 1.36% (95% Confidence 

Interval (CI) 1.31%, 1.41%) increase in mortality rate per 1 µg/m3 increase 

in PM2.5 below 12 µg/m3. 

In conclusion, the setting of a National Ambient Air Quality Standard 

is not viewed by the EPA as establishing a threshold, and the agency and 

its scientific advisors, have explicitly rejected that view, and endorsed 

the lack of a threshold, including in rulemaking documents. Furthermore, 

the empirical evidence refutes the existence of a threshold, as noted 

above.  

III.A.3. SIZE OF PARTICLES AND HEALTH EFFECTS 

Studies on the health effects of particle pollution began years ago, 

and over time the metric by which airborne particles are measured has 
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changed. In the late 1980’s, EPA measured particles as PM10, particles less 

than 10 micrometers in diameter. This is small enough to get down peoples’ 

throats and into the lungs. Since the late 1990’s, EPA has measured (and 

regulated) PM10 as well as PM2.5, which is particles less than 2.5 

micrometers in diameter. The PM2.5 subset of PM10 is thought be more toxic, 

because combustion particles are all found in that size range, and 

particles of that size are more likely to deposit deeper in the lung.  

A number of studies have documented greater effects of PM2.5 on 

mortality than of coarse particles. Most recently, we examined the 

association between PM2.5, coarse mass (the difference between PM10 and 

PM2.5, representing particles with sizes between 2.5 and 10 µM), and daily 

deaths in 112 U.S. cities. We found each 10 µg/m3 increase in PM2.5 was 

associated with a 1 percent increase in daily deaths, while coarse mass 

was associated with about half that increase. The secondary organic and 

nitrate particles produced by NOx emissions are all in the more toxic, 

PM2.5 range.   

 

III. A.4. PARTICLE COMPOSITION 

While the association between exposure to particulate matter mass and 

mortality is well established, there remains uncertainty as to whether 

certain chemical components of PM are more harmful to human health than 

others. To date, the evidence is not convincing that any form of fine 

combustion particles are more or less toxic than average, with different 
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studies showing different results. It is important to understand that the 

conclusion (of the Clean Air Scientific Advisory Committee and others) 

that we cannot differentiate the toxicity of different types or sources of 

particles does not mean that we believe it likely that one type of source 

of particles will ultimately prove to be the “toxic agent.” Rather, the 

consensus scientific opinion is that all airborne particles are toxic, 

although they may vary in their toxicity. There have been time series 

studies in locations, such as Santa Clara, California in the winter where 

wood smoke is the dominant source of particles that show significant 

associations with daily deaths.58, 105 There are studies in locations such as 

Philadelphia where secondary sulfate particles are the major source, which 

again show day-to-day changes in air pollution are associated with day-to-

day changes in deaths.70, 106-108 In Sao Paolo, Brazil, where traffic 

particles are the major sources, again, particles are associated with 

increased deaths.109, 110 While we have not yet distinguished the relative 

effects of different sources of particles, it is clear that they all 

contribute to early deaths.  

In the absence of good evidence that any source or type of particle 

had a different impact, the CASAC recommended maintaining a standard for 

PM2.5, that is, treating particles from all sources as having the same 

toxicity. Therefore there is no reason to believe that the organic carbon 

and nitrate particles formed by NOx emissions have different toxicity than 

particles in general.  
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III.A.5 MORBIDITY EFFECTS OF PARTICLE EXPOSURE 

A. Long-Term Exposures 

 Long-term exposure to particulate air pollution is not merely 

associated with increased risk of dying. It is associated with a wide 

range of other outcomes, which are in themselves consequential for health. 

These associations between long-term exposure to particulate matter and 

morbidity also provide a coherent pattern with the mortality associations.  

 

Lung Function 

 Lung function is one of these other outcomes that, in my judgment, is 

clearly affected by particles. Particle levels are associated with less 

growth of lung function among children and teenagers, and with faster 

decline of lung function in adults. This is important because lung 

function is one of the best predictors of cardio-respiratory health and 

life expectancy.111, 112 This makes associations between particulate air 

pollution and lung function relevant for other health outcomes. In the 

1950’s, a study examined the lung function of British Postal workers, and 

found that workers in large urban areas with greater pollution 

consistently had lower lung function. A key advantage of this study was 

that the postal workers generally stayed in the same counties all of their 

careers and were of the same social status. Since then, many other studies 
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have reported associations between lung function and particles in the 

communities where people resided.113-118  

 Another example is the paper of Lubinski and coworkers, who reported 

decreases in the ratio of forced expiratory volume in one second (FEV1) to 

forced vital capacity (FVC), and in FEV1 as a percent of predicted, 

associated with increased exposure to particles in nonsmoking young Polish 

men.119 While these studies looked at differences in PM exposure between 

communities, a study of the rate of lung function growth in children, 

using data from within city variations in Mexico City, reported reduced 

rates of growth associated with living in parts of the city with higher 

particle levels.120 The Southern California Children’s Cohort collected 

extensive information on individual factors that may affect respiratory 

health, followed the children for eight years and found that PM2.5 exposure 

where they lived was associated with clinically impaired lung function at 

18 years of age.115 By this age the lung has stopped growing for females 

and almost stopped for males, so these impairments are likely permanent.  

 Again, a study that looks at differences in exposure over time, 

instead of over space, cannot be confounded by variables that differ 

across location. Such a study would provide strong support for the 

causality of the associations reported above. A dramatic example of such a 

study looking at change in exposure was seen by Avol and coworkers.121 They 

identified 110 children from the Southern California Children’s Health 

Cohort who moved from the study area, and followed them in their new home 
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with pulmonary function testing identical to that in the main cohort. 

Subjects who moved to locations with higher PM10 concentrations had lower 

rates of annual growth in lung function, while children who moved to 

locations with lower PM10 levels than they had left showed higher rates of 

growth in lung function.  

 A similar finding has been reported in adults. The SAPALDIA study 

discussed above is a prospective study of a random sample of adults in 

eight Swiss communities who were given lung function tests in 1991 and 

again in 2002.33 The initial study reported lower lung function in 

communities with higher particles, controlling for individual risk 

factors.118 The follow-up used sophisticated air dispersion models to 

estimate exposure at each person’s address, accounting for any changes in 

address over the intervening 11 years. In analyses adjusted for town of 

origin, covariates, and baseline exposure, a decrease of 10 μg/m3 in the 

average subject specific PM10 concentration between examinations was 

associated with a 9 percent decrease in the annual rate of decline in FEV1 

(forced expiratory volume in 1 second) (i.e., by 3.1 ml/yr; 95% CI, 0.03 

to 6.2) and a 16 percent decrease in the annual rate of decline in forced 

expiratory flow (FEF) between 25 percent and 75 percent of volume out 

(FEF25–75 ) (i.e., by 11.3 ml per second/yr; 95% CI, 4.3 to 18.2). This 

annual decrease in lung function is a strong predictor of survival—people 

whose lung function declines more rapidly as they age have a shorter life 

expectancy. Hence, these results are consistent with the finding that 
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decreasing exposure results in increased life expectancy, reported 

earlier.   

 Another study took advantage of a natural experiment: the collapse of 

communism. Sugiri and coworkers examined lung function in East and West 

German children repeatedly between 1991 and 2000.122 In 1991, the West 

German children had higher lung function and much lower exposure to 

particles. By 2000, changes in the East German economy had eliminated the 

difference in particle exposure, and the difference in lung function also 

disappeared.  

Recently, Lepeule and colleagues looked at exposure to traffic 

particles and lung function decline in an elderly cohort in Boston. 

Participants with higher particle exposure had a more rapid decrease in 

lung function over time123. Again, these findings support the association 

of particle exposure with greater death rates, since lung function is one 

of the strongest predictors of life expectancy. 

These studies are supported by toxicology, as discussed in more 

detail below. For example, one study exposed mice and their offspring to 

either ambient air, or air filtered to remove only particles, not gases. 

Lung function in the particle-exposed mice, with average particles 

concentrations of 16.8 μg/m3, was lower than in the mice with filtered air, 

with particle concentrations of 2.9 μg/m3.124  
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Respiratory Symptoms 

 I also find convincing evidence that long-term exposure to particles 

is associated with increases in bronchitic symptoms, chronic cough, and 

other serious respiratory illnesses.  

 Dockery and coworkers, comparing symptom reports across six 

communities in the eastern United States with varying levels of pollution, 

and controlling for individual risk factors, found that chronic bronchitis 

and chest illnesses in children were associated with exposure to 

particulate air pollution.125   

 Subsequent studies in the United States and Europe confirmed that 

particle exposure across communities was associated with higher rates of 

chronic cough and bronchitis symptoms in children, but not with wheezing 

and asthma. For example, a large study (n=4,470) examined school children 

in 10 communities in Switzerland and reported an odds ratio for bronchitis 

of 2.88 (95% CI 1.69–4.89) for PM10 exposure between the most and least 

polluted community.126 That is, rates of bronchitis were almost three times 

as large in the highest PM community. The previously mentioned Southern 

California study examined 3,676 children across 12 communities and found 

that bronchitis was associated with PM10, but only among children with 

asthma.127 The largest study was the Harvard 24-city study, which examined 

13,369 children. Particulate air pollution was associated with bronchitis 

episodes across these communities, controlling for individual risk 

factors.128  
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 Again, these studies have been complemented by studies examining 

change in pollution and change in symptom status. A follow-up of the Swiss 

children’s study mentioned above reported that decreases in PM10 were 

associated with decreased respiratory symptom reporting in the 10 

communities.129 Another follow-up of the SAPALDIA study reported that 

changes in PM10 exposure estimated at adults’ addresses were associated 

with changes in chronic respiratory symptoms during the 11-year follow-

up.130 Similarly, declines in particle levels in East German towns 

following the collapse of communism were associated with declines in the 

rate of bronchitis and chronic cough in children.131 

 Lending further credence to these reports is the study of Giroux and 

coworkers that contrasted exhaled NO (a marker of lung inflammation) in 

asthmatic children living in urban areas with others staying in a national 

park in the mountains.132 They found that the exhaled NO concentrations in 

the urban asthmatic children were more than double those in the asthmatic 

children in the national park, indicating that urban air pollution is 

associated with pulmonary inflammation. 

 Long-term exposure to PM also has been associated with the 

development of chronic respiratory symptoms in adults. For example, I 

reported in 1993 that chronic pulmonary symptoms such as bronchitis were 

associated with long-term exposure to air pollution in the National Health 

and Nutrition Examination Study (NHANES) II study adults.133 Using data 

from the Seventh Day Adventist Study, a number of papers have reported 
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associations between particle exposure and chronic respiratory symptoms, 

most recently using PM2.5 as the exposure.134 Avino and coworkers also 

reported an association in a more limited two-community study.135 An 

interesting case-control study by Karakatsani used in-home examinations by 

physicians, including pulmonary function testing, to confirm self-reports 

of chronic respiratory conditions in adults, and in age and gender-matched 

controls. A geographic model was used to assign individual exposure 

values, which were associated with the risk of chronic bronchitis and 

chronic obstructive pulmonary disease (COPD).136  

 

Heart Disease 

Studies have also linked long term exposure to particles with the 

development of heart disease, including atherosclerosis, increased blood 

pressure, as well as more heart attacks and strokes. For example, Kloog 

matched the entire Medicare population of New England to PM2.5 estimates at 

their ZIP code, and showed that independent of the effects of short term 

exposure to particles on the risk of heart attacks and strokes (i.e. as a 

triggering mechanism) long term exposure was associated with substantially 

larger estimated increases in heart attack and stroke rates137. A follow-up 

of over 6500 patients in Ohio undergoing cardiac examinations found that 

PM2.5 was associated with increased risk of severe atherosclerosis and of 

having a myocardial infarction (heart attack) in the next three years.138 

Another study followed up post MI patients to see which ones developed 
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clinical frailty over 10-13 years of follow-up. PM2.5 exposure increased 

that risk139. Another twenty-year follow-up study showed that PM2.5 exposure 

increased the risk of death in post MI patients, and that increase was 

larger in frailer people140.  

 

Cognitive/neurotoxic effects 

 There is now abundant toxicological and epidemiologic evidence 

showing that exposure to particulate matter at commonly occurring 

concentrations in the air results in acute and chronic inflammation, 

including in the brain. For example, Calderón-Garcidueñas and coworkers 

have shown in a series of studies that Mexico City air pollution was 

associated with central nervous system (CNS) inflammatory and 

neurodegenerative changes in humans and animals, with increased brain beta 

amyloid proteins (the proteins linked to Alzheimer’s disease) in humans, 

etc. Specifically, the dogs from Mexico City had greater rates of 

prefrontal lesions, neuro-inflammation, gliosis, and particle deposition 

inside the brain. Importantly, brain levels of amyloid-β42, a pathologic 

hallmark of Alzheimer’s disease, were also higher among residents of the 

polluted cities.141 

While this study involved air pollution in general, in a follow-up 

study, Guerra et al. exposed rats to Mexico City particles for two months 

and reported upregulation of inflammatory genes and elevated levels of 

inflammatory proteins in the brains of the exposed animals.142 Fonken and 
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coworkers exposed mice to either filtered air or PM2.5 for eight months and 

found particles produced increased inflammation in the hippocampal area of 

the brain, which is central to learning and memory.143 Further, the 

particle-exposed animals showed increased depressive symptoms and 

decreased spatial learning and memory.143 The table below summarizes recent 

toxicological studies of neurotoxicity. A major finding of these studies 

was increased brain inflammation (NF-κB, TNF-α, and IL-1α are inflammatory 

proteins).  

Table 1. Toxicological studies of PM and neurotoxicity  

Study Findings 

Campbell et al.  

(2005)144  

Two-week near-highway PM exposure in 

ovalbumin sensitized mice led to increased 

brain NF-κB and IL-1α 

Cruits  

(2008)  

Diesel exhaust exposure caused an increase 

in fast-wave EEG activity in humans 

Veronesi et al.  

(2005)145  

Five-month exposure to ultrafine/fine PM-

induced loss of dopaminergic neurons in 

substrantia nigra of ApoE -/- mice 

Kleinman et al.  

(2008)146  

Six-week exposure to concentrated near-

highway PM in ApoE null mice led to 

activation of inflammatory mediator 
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Human Studies of Particles and cognitive function 

Since 2008, there has been a rapid expansion of human studies on 

neurological effects of particles. Because the brain is functionally 

transcription factors 

Gerlofs-Nijland et 

al.  

(2010)147 

Four-week Diesel exhaust exposure induced 

elevations in rat striatal TNF-α and IL-1α 

Suzuki et al.  

(2010)147, 148  

Mice exposed in utero to Diesel PM had 

reduced locomotor activity 

Fonken et al. 

(2011)143 

Ten-month PM2.5 exposure led to oxidative 

stress and inflammatory changes in mouse 

hippocampus and to decreased learning and 

memory 

Allen et al.  

(2013)142, 149  

Mice exposed as neonates or adults to 

ultrafine PM have preference for immediate 

reward upon behavioral testing 

Guerra et al.  

(2013) 142 

Two-month Mexico City ambient PM exposures 

in rats led to region and PM size-specific 

increases in oxidative stress, inflammation, 

and unfolded protein responses 
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rewiring and developing in early childhood, and because cognitive function 

begins to decline after 50, children and the elderly have been the focus 

of these efforts. Franco-Suglia et al. compared cognitive function of 

children to their lifetime particle exposure.150 We used a geographic 

exposure model, calibrated to 82 different monitoring locations, to 

estimate the geographic variation of traffic particles in Boston. From 

this model, we estimated chronic exposure to traffic particles for school-

aged children living in Boston. Higher particle exposure was associated 

with decrements in cognitive function of the order of two IQ points. 

Another study of 671 older men living in the Boston area again used 

exposure to black carbon, a marker of traffic-related particles, and 

observed that higher level of exposure over the previous one to 11 years 

was associated with worse cognitive function.151  

In a study of 15,973 older adults in China, residents of areas with 

poorer air quality over the previous seven to 10 years, measured by an 

index of ambient particulate and gas concentrations, were more likely to 

have poor cognitive function.152 More recently, an even larger study of 

19,409 U.S. nurses developed land-use regression exposure models that 

predicted long-term PM2.5 and PM10 concentrations at the addresses of each 

nurse. Nurses with higher baseline exposure (that is, before the first 

cognitive exam) had faster rates of decline in cognitive function over 

time.153 The Project Mobilize study, reported an association with 

residential proximity to major roadways, but not with black carbon, and 
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impaired cognitive function in elderly inhabitants of Boston.154 

In another study of older subjects, Ranft and coworkers found 

associations between long-term particle exposure and cognitive function in 

elderly women,155 and Chen and Schwartz reported associations with ozone 

and, more weakly, with PM10 in the NHANES III study.156 

  More studies of children have also appeared. In 2009, Freire and 

coworkers reported an association of traffic-related air pollution and 

cognitive function in a large, well-controlled cohort study in Spain.157 

Simultaneously, Wang et al. published a study comparing cognitive function 

in schoolchildren in a high and low-traffic neighborhood in Quanzhou, 

China.158 The children from the higher-traffic school had lower cognitive 

performance. More recently, Gatto et al.159 and van Kempen et al.160 have 

also reported associations, particularly with traffic pollutants, with 

cognitive performance in children. Traffic is a major source of particles 

in the air.  

Second-hand tobacco smoke particles have similarities with ambient 

particles, as second-hand smoke is enriched in combustion particles 

compared to primary tobacco exhaust, which has more gases. Consistent with 

this, Rauh et al. measured prenatal and post-natal exposure to 

environmental tobacco smoke, or ETS, and Bayley Scales of infant 

development in 226 urban children enrolled during pregnancy and followed 

longitudinally.161 Prenatal ETS exposure (dichotomized as yes/no) predicted 

a 5-point decrement in the Bayley MDI scores (p=0.02).  
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Autism and Other Neurological Diseases 

Cognitive function is not the only neurological function that has 

been linked to particle exposure. There is growing literature associating 

air pollution, and especially particles, with increased risk of autism. A 

case-control study in Los Angeles reported an association between 

residence close to a freeway during pregnancy and the risk of being 

diagnosed with autism.162 A follow-up study reported that an 8.7 μg/m3 

increase in PM2.5 exposure during pregnancy was associated with more than a 

doubling of the odds of having an autistic child.163 Becerra et al. also 

reported an increased risk of autism with increased particle exposure 

during pregnancy.164 Using prospective cohort data from the Nurses’ Health 

Study II Cohort, researchers compared the exposure to air pollution during 

pregnancy of participants’ whose children developed autism spectrum 

disorder (cases) with that of controls without autism spectrum disorder, 

and found that fetal exposure to PM2.5 at the home address was associated 

with increased risk of autism spectrum disorder165. 

In addition, Kioumourtzoglou demonstrated, again using a differences 

in differences causal approach, that long-term exposure to particles was 

associated with higher rates of hospital admissions for neurological 

conditions, including dementia and Alzheimer’s disease.166 And Mehta showed 

effects of particle exposure on psychosocial stress in an elderly 

cohort.167  
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Relapses of multiple sclerosis are also related to neurological 

inflammation and hence plausibly to particle exposure. Recently a case-

crossover study of a cohort of MS patients showed that particles were 

significantly associated with relapses of severe symptoms168. Another study 

in Italy found an association of particles with hospital admissions for MS 

relapses169.  

We have also seen two studies examining the relation between particle 

exposure and measurements of the brain using magnetic resonance imaging 

(MRI). Wilker used MRIs from the Framingham Heart Cohort and estimated 

long-term exposure to PM2.5 at subjects’ home address using satellite remote 

sensing data.170 She found a 2-μg/m3 increase in PM2.5 was associated with -

0.32 percent smaller total cerebral brain volume. Simultaneously, Chen 

used MRIs from the Women’s Health Initiative and reported PM associated 

with lower white matter volume. Consistent with this, a follow-up study by 

Calderon-Garciduenas demonstrated increased white matter damage in the 

brains of dogs living in Mexico City compared to a control community, as 

well as leaking capillaries and extravascular lipids in the white matter 

of children in Mexico City compared to the control communities171.  

 Another key discovery is that particles have been shown in 

experimental protocols to translocate from the nose, up the olfactory 

nerve, and into the brain, with exposures shown not only in the olfactory 

bulb, but also in the striatum frontal cortex and cerebellum.172-174 
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Overall, I believe this body of research demonstrates that particle 

exposure is associated with reduced cognitive function in children, as 

well as lower function and greater cognitive decline in adults. These 

decreases have important implications. In a meta-analysis of studies 

relating cognitive function of children or young adults to earnings and 

labor force participation, I found that a one IQ point decrease in ability 

was associated with a 1 percent reduction in lifetime earnings, lower 

probability of attending college, and more time spent unemployed.175 Hence, 

the reduced cognitive ability due to particle exposure has an important 

consequence. Similarly, faster rates of cognitive decline in the elderly 

can result in substantial increases in cost of care. Decreased cognitive 

function in the elderly is associated with faster onset of dementia, 

including Alzheimer’s disease. Together with the evidence of increased 

beta-amyloid protein in the brains of particle exposed humans and animals, 

this suggests that some of the burden of Alzheimer’s disease is due to 

PM2.5 as well. To see the importance of this, one paper has forecasted that 

a broadly applied intervention that delays the onset of Alzheimer disease 

by two years could reduce the number of prevalent cases in the United 

States by about 2 million over a 40-year interval.176 Finally, the 

associations with autism and multiple sclerosis, while still early, are 

plausible given the demonstration that particles induce brain 

inflammation. Given the devastating nature of these diseases, this 
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suggests reasonable precaution would dictate reducing exposure whenever it 

is possible.  

  

B. Short-Term Exposures 

Short-term exposures to PM2.5 are also linked to a wide range of 

health effects, including triggering heart attacks, exacerbating 

respiratory infections to the point where they require hospitalization, 

triggering asthma attacks, etc. In the section below, I briefly describe 

the evidence for some of these effects. In particular, hospital admissions 

for heart disease and lung disease increase following increases in 

particles in the air. This has been demonstrated in numerous studies over 

the last several decades, as set forth below.  

 

Respiratory Disease 

Bates and Sizto first reported that particles were associated with 

hospital admissions for respiratory disease in Ontario back in the 

1980’s.177 Since that time, numerous studies have reported associations of 

particles and respiratory admissions in Europe,178-180 the United States,181-

185 and Canada.186 These were followed by larger, multicity studies that 

provided more stable estimates and made use of the same approaches 

described for the time series mortality studies to assure that 

associations were not confounded by other pollutants and temperature.181, 
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182, 187-190 In addition, several single city studies took advantage of 

special circumstances to rule out confounding.  

For example, I found that particles were associated with respiratory 

admissions in Spokane, Washington, a town with essentially no SO2, and 

where there was no correlation between particles and temperature, 

consequently ruling those two out as potential confounders.190 I also 

showed that excluding very hot and very cold days, when one would expect 

the greatest effect of temperature, had no impact on the particle effects. 

Other studies have confirmed this association in Italy191. Again, in a 

study of the entire Medicare population of the Mid-Atlantic States, we 

found an association between PM2.5 in their ZIP code of residence and 

hospital admissions for respiratory (and cardiovascular) disease.192 In 

addition, a study of seven birth cohorts in Europe found that particles 

were associated with an increased incidence of pneumonia in infants193.  

Again, this is consistent with animal experiments, where, for 

example, rodents infected with streptococcus and then exposed to particles 

had double the bacterial burden and extent of pneumonia as infected 

animals exposed to filtered air.194  

 

Causal Modeling of Respiratory Effects 

Kim et al. analyzed the natural experiment of the 1997 fires in 

Indonesia. Wind patterns swept the smoke across Indonesia with different 

locations getting more or less exposure depending on details of the 
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weather patterns. This exposure should be independent of any predictors of 

health in the population, and hence provide a causal estimate of the 

effects of a short-to-medium term exposure. They compared the health of 

people who were in both the 1997 and 2007 Indonesian Family Life Survey, a 

longitudinal survey of a sample of household across Indonesia. The surveys 

measured lung function and collected questionnaire data on various 

measures of health. They estimated exposure using satellite remote sensing 

measurements of the smoke plume. To further assure the results were causal 

they used the 1997 results (for lung function, symptoms, health status 

etc.) as a control for baseline health, socioeconomic status and other 

possible confounders, and added individual level measures (age, 

socioeconomic status, etc.) in addition. Controlling for these, they 

examined the impact of the exposure to smoke from the fires in 1997 on 

health 10 years later. They found that lung function and a general measure 

of aggregate health were worse 10 years after the exposure.  

 

Heart Disease Hospital Admissions 

Hospital admissions for heart disease are also increased when 

particle concentrations go up. This is seen for all heart disease 

admissions, as well as for important categories of cardiovascular disease, 

such as heart attack, heart failure admissions, arrhythmia admissions, and 

strokes. For example, in a 1995 study in Detroit, I reported that heart 

attacks, as well as admissions for heart failure, increased as PM10 rose.195 
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Again, when I looked at a city where PM10 was essentially uncorrelated with 

SO2 or ozone, I found the same result.196 Studies such as these have again 

been followed by large multicity studies reporting associations with 

particles that are not confounded by other pollutants or weather.182, 189, 197  

 

Heart Attacks 

The association of particles with an immediate increase in hospital 

admissions for heart attacks indicates that particles must be triggering 

the occurrence of heart attacks. There is considerable other evidence to 

suggest that is the case. First, studies have interviewed patients who 

survived heart attacks and, using case-crossover analyses, found 

associations with particles.198 Other focused studies had mixed results.199-

201 However, a large study of 21 U.S. cities definitively confirmed the 

association.202 A recent study examined emergency visits for acute coronary 

syndrome, essentially an early stage of a heart attack, and confirmed an 

association with particles.203  

Associations are also seen with long-term exposure to particles and 

the rate of heart attacks. For example, Madrigano examined participants in 

the Worcester Heart Attack Study, one of only two myocardial infarction 

registries in the U.S. She found that PM2.5 exposure at residential address 

was associated with an increased risk of heart attacks204.  

Among approximately 6,600 people undergoing diagnostic evaluation for 

cardiovascular disease in Ohio, PM2.5 exposure was associated with both 
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increased risk of severe atherosclerosis, and risk of having a heart 

attack in a three-year follow-up.138 Similar results are seen in other 

countries.  

The ESCAPE study in Europe followed over 100,000 people who were free 

of coronary events at intake for 11.5 years, and found that a 10 µg/m3 

increase in PM2.5 was associated with a 26% increase in the risk of a heart 

attack on follow-up205   

Moreover, there is considerable toxicological and mechanistic support 

for this effect. This includes experimental studies showing that particle 

exposure decreases the stability of atherosclerotic plaque.206 These are 

discussed below, under mechanistic studies.  

 

Heart Failure 

Heart failure is a serious disease where the heart’s ability to pump 

blood to the body is impaired. Patients with heart failure have 

significantly reduced life expectancy, and episodes of increased 

impairment are dangerous and frequently result in hospitalization. My 

study in 1995 identified increases in heart failure after increases in PM10 

concentrations, indicating that particle exposure could cause an imbalance 

of the compensation that the body (with medication) makes for the poor 

pumping ability of the heart.195 Since then, those associations have been 

confirmed, including in large multicity studies.182  
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Stroke 

The finding that particles increase strokes, a severely debilitating 

disease, was first reported in Asia.  

Recently, this has been confirmed in large multicity studies in the 

United States.1,183182, 207-209, 207-209, 207-209, 208-214,198-200 Interestingly, the 

association seems limited to ischemic strokes, not hemorrhagic strokes, 

which is consistent with the association between particles and heart 

attacks.  

 

Diabetes 

A prospective cohort study in Los Angeles followed women without 

diabetes for 10 years and reported associations of new onset type 2 

diabetes with both PM2.5 and NO2.210 An analysis of 23-years of follow-up of 

participants in the Nurses’ Health Study and the Health Professionals 

Follow-Up Study found that living within 50m of a major road, compared 

with those living >200m away, was associated with new-onset type 2 

diabetes211. In addition, a recent meta-analysis by Eze et al., which 

included three studies on PM2.5 and four studies on NO2, showed an 8–10% 

increased risk of type 2 diabetes per 10 μg/m3 increase in exposure to both 

pollutants212. Support for these finding comes from other studies showing 

associations between PM2.5 exposure and increased serum glucose or impaired 

glucose tolerance, known risk factors for diabetes213-215. Consistent with 

this, animals exposed to PM2.5 demonstrated increased insulin resistance 
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compared to control animals216. This is consistent with a general 

association of PM2.5 with diseases of aging.  

 

III.A.6. MECHANISTIC STUDIES OF PARTICLES 

Introduction 

The principle diseases caused or exacerbated by PM2.5 are 

cardiovascular, pulmonary, or neurological, so it is important to identify 

mechanisms by which PM2.5 is affecting those systems.  

In terms of coronary heart disease and other circulatory diseases, 

atherosclerosis is a major cause; atherosclerosis is when arteries become 

clogged with collections of fatty substances referred to as plaques or 

atheroma. Plaques can cause arteries to narrow and harden, restricting 

blood flow. Rupture of a plaque can cause a blood clot which subsequently 

blocks a downstream blood vessel, interrupting blood flow to tissue, and 

leading to a heart attack or stroke if the blockage is in the heart or 

brain, respectively. Evidence cited below demonstrates that exposure to 

PM2.5 increases the likelihood that these plaques rupture, by generating an 

inflammatory response in the lung and release of inflammatory mediators 

into the arterial circulation, adversely affecting the cardiovascular 

system – for example, by increasing circulating platelet stickiness, 

inflammation in the arteries, or oxidative stress (which describes the 

presence of an unusual concentration of oxidizing compounds). When plaque 

does rupture, the piece that breaks off can block blood flow in downstream 
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smaller arteries, cutting off blood supply to part of the heart or brain. 

Other studies have shown that PM2.5 exposure worsens this process as well.  

Lung disease is primarily caused by inflammation and oxidative stress 

in the lung, and studies have indicated that PM2.5 causes that as well. In 

addition, irritation in the lung can trigger nerves, called C fibers, 

whose activation feeds back into the electrical control of the heart.  

In terms of the central nervous system, most neurological diseases 

result from either inflammation or oxidative stress in the brain or from 

occluded arteries, small strokes, or severe strokes causing brain tissue 

to die. Again, the mechanistic studies highlighted below demonstrate that 

such events do occur, making the epidemiological studies biologically 

plausible.  

 

Oxidative Stress 

Animal experiments indicate that reactive oxygen species (such as 

hydrogen peroxide, superoxide, etc.), which have established relevance in 

the pathogenesis of cardiovascular disease and aging,217 are affected by 

particles,218-221 which represent one pathway for their cardiovascular and 

lung effects. For example, Figure 9 below shows the increase in reactive 

oxygen species in animals within hours of exposure to concentrated 

particles from Boston air. Even more impressive, when animals that had 

been breathing Boston air (without concentration) were placed in a chamber 

where they could breathe filtered air, the concentrations of reactive 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

112 

 

oxygen species in the heart and lung fell by a third within days of 

removing the exposure (Figure 10).222 Moreover, it is evident from the 

figures that levels were still falling when the study was terminated. 
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A series of studies has shown black soot particles from diesel 

exhaust to increase oxidative stress in endothelial tissue,223, 224 inducing 

the production of heme oxygenase-1, a rapid-response part of the bodies’ 

defense system against oxidative stress. The viability of cell cultures of 

microvascular endothelial cells was impaired by diesel particles with an 

accompanying large increase in induction of heme oxygenase-1.224  

Other studies have examined the role of genes related to oxidative 

stress on cardiovascular effects of particles, particularly on heart rate 

variability (HRV). Schwartz225 and Chahine226 have reported that subjects 

missing the gene that makes glutathione S Transferase M1 (part of the 

defense against systemic oxidative stress), or with a variant of the HMOX-

1 gene that is less good at producing the antioxidant heme oxygenase, had 

larger effects of particles on HRV, including a significant three-way 

interaction. Cujuric and coworkers showed the same genes modified the PM-

associated decline in lung function.444 Madrigano showed that one of those 

genes modified the effects of particles on markers of inflammation in 

arteries.227 Ren found that oxidative stress genes modified the PM-induced 

increase in homocysteine (which increases atherosclerosis).228 Other 

studies have focused on oxidative stress per se. For example, Rossner and 

colleagues examined bus drivers in Prague, and reported increased levels 

of indicators of oxidative stress such as F-2 isoprostane and 8-hydroxy-
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2´-deoxyguanosine (8-OHdG) in drivers compared to controls.229 Romieu 

measured malondialdehyde, another marker of oxidative stress, in children 

and found it associated with PM2.5.230 Ren found that 8-OHdG, a marker of 

oxidative damage to DNA, was increased by particle exposure, and that the 

increase was modified by oxidative stress genes.231  

 

Inflammation 

Particles in the air have been shown to induce increases in 

inflammation in the lung, as well as systemically (which affects the 

heart). For example, exhaled NO is a marker for inflammation in the lung. 

Several studies have shown that particles increase exhaled NO in both 

children and the elderly.232, 233 The urinary excretion of 8-OHdG often has 

been used as a biomarker to assess the extent of repair of DNA damage 

(induced by inflammation and oxidative stress) in both the clinical and 

occupational setting. Particles, and particularly the metals on particles, 

have also been associated with an increased production of 8-OHdG.231, 234-239 

8-OHdG was also elevated in urban children compared to rural children.240 

CRP, ICAM-1, VCAM-1, and homocysteine are blood markers of the 

interrelated processes of inflammation and endothelial function which play 

important roles in heart disease and atherosclerosis.241, 242 Accordingly, 

CRP, ICAM-1, VCAM-1, and homocysteine have been shown to be independently 

and jointly associated with increased cardiac risk.243-248 In a prospective 

study of 28,263 healthy, post-menopausal women, for example, increased CRP 
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and ICAM-1 were associated with increased risk of cardiac events.  

Correspondingly, elevated levels of ICAM-1 were associated with the 

development of accelerated atherosclerosis in a case-control study of 

14,916 middle-aged men,247 while VCAM-1 predicted hospital events in angina 

patients.247 Homocysteine inhibits NO release.248 NO is the principal 

antioxidant in the artery, and stimulates the relaxation of the muscles 

surrounding the artery. It has also been associated with coronary artery 

disease measured radiographically249 and with flow mediated dilation (the 

ability of the artery to expand in response to demand for more blood, 

which is impaired by atherosclerosis).250 Hence, examining these markers in 

response to air pollution is important. 

Particles have been shown to increase sICAM-1 and sVCAM-1 in 

diabetics,251 a finding confirmed in a controlled human exposure chamber 

study.218 Particle associations with CRP have been mixed in studies,252-256 

but the effect may be limited to the obese or diabetics. Particles also 

increase homocysteine in the elderly.228, 257  

Again, intervention trials in humans have confirmed that these 

epidemiological results are indeed causal. People randomly assigned to 

receiving an air filtering device for their home with a true filter or a 

sham filter were assessed for blood markers of inflammation and oxidative 

stress. The people getting the sham filter had higher concentrations of 

CRP (a marker of inflammation) in their blood than those getting the true 
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filter. They also had higher levels of 8-OHdG, a marker of oxidative 

damage to DNA258. 

Inflammation can also inhibit immune defenses against infections. 

Pneumonia commonly results from a bacterial infection after defenses are 

weakened by a viral one. Sigaud and coworkers examined the effect of 

particles on this process in animals, and reported that exposure to 

particles from the ambient air reduced resistance to bacterial 

pneumonia.259 Consistent with this, concentrated ambient particle exposure 

was shown to reduce the ability of macrophages in the lung to kill 

streptococcal bacteria.260 And animals infected with Strep pneumonia and 

exposed to concentrated particles showed doubled bacterial levels and 

doubled lung area infected compared to control animals breathing filtered 

air.194  

These effects are seen at very low exposures. For example, Busso 

exposed rats for three months to either unfiltered outdoor air with PM2.5 

(mean=10.6 µg/m3) concentrations well below EPA’s Ambient Air Quality 

Standard, or outdoor air with the particles removed. Their lungs were 

examined and the exposed rats showed more evidence of lung inflammation 

(increased white cells moving into lung tissues, reduced interior size of 

alveoli, etc.) and DNA damage compared to the control rats261.  
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Coagulation/Thrombosis pathway 

Both animal and controlled human exposure studies have demonstrated 

that ambient particles can increase pro-thrombotic (i.e., clot forming) 

activity and even induce thrombosis in acute exposures. Thrombosis 

produces a range of adverse outcomes including embolisms, heart attacks, 

and, on a chronic basis, increased atherosclerosis.262-264 There is recent 

epidemiology that supports this finding. Baccarelli and coworkers reported 

an association of airborne particles with decreased clotting time,265 as 

well as the risk of deep vein thrombosis.266 A further study reported 

traffic pollution was independently associated with deep vein 

thrombosis267. Air pollution was also associated with changes in global 

coagulation parameters in 1,218 individuals from the Lombardia Region in 

Italy (60). And most recently, we examined all admissions of Medicare 

participants in the Northeastern United States for Deep Vein Thrombosis, 

using our satellite remote sensing data to estimate PM2.5 exposure at every 

ZIP code in the U.S., and reported strong associations of both short-term 

and long-term exposure and admission rates, with long term exposures 

showing a larger effect268.  

These studies are consistent with the results of a controlled 

exposure study of humans to diesel particles, which reported increased ST 

depression (the depression of the ST segment of an electrocardiogram, 

which is a sign of ischemic heart disease) and alterations in fibrinolytic 

capacity (the ability to break up clots that have formed in blood 
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vessels).263 Further support comes from a recent study of almost 58,000 

women in the Women’s Health Initiative. They found that PM2.5 was 

associated with a 4 percent increase in the risk of an ST abnormality on 

the electrocardiogram and a 5 percent increase in the risk of a T wave 

abnormality.269 ST abnormalities are markers of ischemia.   

Suwa et al. have demonstrated that exposure to particles increases 

plaque formation and decreases plaque stability.206 Other studies have also 

shown thrombosis in animals exposed to particles.264, 270 Such changes 

increase the risk of a heart attack.  

 

Ischemia 

A number of studies have directly linked particle exposure with 

ischemia (reduced blood supply to the heart). Wellenius exposed dogs to 

either filtered air or concentrated air particles, followed by a temporary 

blockage of the coronary artery. The animals exposed to particles 

experienced greater ischemia than those exposed to filtered air.271, 272 

Similarly, human volunteers exposed to particles manifested myocardial 

ischemia, and impaired ability to dissolve clots.263 And a follow-up study 

of a registry of patients who underwent coronary artery catherization in 

Utah found an association between particles and ischemic events.199  

A standard measure of ischemia derived from electrocardiogram 

patterns is ST segment depression. Recent studies of subjects undergoing 

repeated examinations have found that particles are associated with 
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increases in ST segment depression in vulnerable populations.273-275 This was 

also seen in human volunteers experimentally exposed to particles. In 

addition, Kuenzli et al. have reported an association of particle exposure 

with chronic atherosclerosis, the major risk factor for ischemia.276 A 

follow-up study confirmed the previous report that particle exposure was 

associated with narrowing of the carotid artery.277 Other studies have also 

reported associations of particles with various markers of chronic 

atherosclerosis.278-281  

 

Blood Pressure Changes 

Elevated blood pressure (BP) predicts cardiovascular morbidity and 

mortality, including heart attacks, and reductions in BP have been shown 

to reduce risk. Many studies have observed positive associations between 

ambient air pollutants and BP,282-291 although other studies have failed to 

find associations or have even detected negative associations between 

ambient air pollutants and BP.292  

There is evidence of both immediate effects293 and delayed effects 

over several days.289 Providing a mechanistic link relating particles to 

blood pressure, endothelin-1, which modulates systemic vascular tone and 

blood pressure, is known to increase in response to reactive oxygen 

species,294 which are elevated by particles (as noted above), and 

endothelin-1 has also been shown to increase directly in response to urban 

PM.288, 295-300 Li and colleagues found that losartan, a blood pressure 
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lowering medication that is an antagonist of angiotensin II type 1 

receptors, inhibits the vasoconstriction effect of urban particles on 

human pulmonary artery endothelial cells.301 In addition to its effects on 

blood pressure, angiotensin II is also a proinflammatory mediator,302 

raising the possibility that the local renin-angiotensin system and 

systemic inflammation may be interrelated components of the cardiovascular 

system’s response to ambient particles and the oxidative stress they 

induce. 

Controlled human exposure studies have recently indicated that 

airborne particles are associated with acute changes in blood pressure. 

One study reported an association between arterial diameter and particle 

exposure.303 A follow-up study reported a direct association with blood 

pressure.293 This is supported by observational epidemiology studies in 

panels of subjects in Germany and the United States.289, 292 Another study 

looked at the change in blood pressure from sitting to standing and found 

that PM2.5 was associated with these changes and that the effects were 

modified by genes related to pathways of blood pressure control.285 

Further, there is evidence that prenatal exposure to particles increases 

newborn children’s blood pressure.304 While chamber studies randomly expose 

subjects to particles or filtered air for a few hours, a number of studies 

have been able to use randomized controlled trials that reduce exposure in 

the treated population to look at longer term exposures. McCracken and 

coworkers randomized houses in rural Guatemala that initially used 
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unvented open fires for cooking to either receive a chimney stove 

(intervention group) or not (control group). Women over age 45 who cooked 

were examined in both groups, and a significantly lower blood pressure was 

found in the intervention group.305 At the end of the trial, the control 

group was given the same stove, and the investigators returned to measure 

blood pressure in the controls, using a pre-post design. Again, stove 

intervention was associated with a reduction in blood pressure.  

Two hundred homemakers in Taiwan were randomly assigned to receive a 

functional particle filter in their house, or an identical filtering 

device but with the actual filter element removed. Six home visits were 

conducted per year, and blood pressure was measured. The participants with 

the real filters had lower blood pressure than those with the sham 

filters, causally demonstrating that particle exposure increases blood 

pressure258.  

A shorter-term intervention trial was undertaken in Beijing. Subjects 

walked the streets for two hours twice, once wearing a particle-filtering 

mask. Blood pressure was measured continuously during the two 2-hour 

walks. Blood pressure was lower when wearing the filter.306  

More recently, epidemiology studies have examined the association of 

long-term exposure to particles and blood pressure. I showed that long-

term exposure to particles was associated with higher blood pressure in 

the elderly307. Subsequently, a large study of a cohort of over 43,000 

women reported an association between PM2.5 exposure and increased blood 
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pressure308. Another cohort study followed 35,000 participants in Ontario 

from 1996 until 2010 and reported that PM2.5 increased the risk of 

developing high blood pressure309. Frighteningly, a study examining 

freshman college students in California demonstrated that prenatal 

exposure to PM2.5 was associated with increased stiffness of the carotid 

artery.310 

 

Electrical Control of the Heart 

One potential pathway for the cardiovascular effects of particles is 

to change the autonomic nervous system, which affects both blood pressure 

and the electrical control of the heart. The lung contains nerve endings 

from the autonomic nervous system, and stimulation or irritation of these 

nerve endings has been shown to have cardiovascular effects. One measure 

of such effects is from studies that have looked at repeated visits of 

subjects, where electrocardiograms were measured at each visit. 

Electrocardiogram changes in these studies have been related to particles 

in the air.226, 252, 311-322 Moreover, animal studies, and controlled human 

exposure studies, have confirmed such results.319, 323-326 These studies are 

important because the types of electrocardiogram changes associated with 

particle exposure have been shown to increase the risk of death. Note that 

this applies to both short-term and long-term changes in these patterns.  

Several other changes in electrocardiograms that are associated with 

risk of death have also been shown to be produced by particulate air 
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pollution. These include T-wave Alternans,327 ST segment depression,273-275 

and QT prolongation.253, 326, 328, 329 Importantly, the same randomized trial of 

a stove intervention in Guatemala that produced reductions in blood 

pressure also produced reductions in ST segment depression.330  

 

Endothelial Pathway and Atherosclerosis 

The endothelium is the lining of the arteries, and it is not merely 

the coating of a tube carrying fluid. It is biologically active. When 

stressed, endothelial cells can activate clotting mechanisms, recruit 

inflammatory cells, which can disturb atherosclerotic plaques that have 

previously formed, and impair clot-dissolving functions. Acutely, these 

can result in ruptures of the plaques, which trigger heart attacks; more 

chronically, they can result in atherosclerosis. Particles in the air 

affect these processes. For example, Suwa and coworkers showed in animal 

models that particles increase the rate of growth of plaques, and decrease 

stability, increasing the risk of a rupture.206 In general, indicators of 

endothelial dysfunction have been shown in epidemiologic,251, 263, 297, 331-336 

toxicological,223, 295, 301, 337-341 and controlled human exposures.218 One such 

exposure was an intervention trial of air filtration for elderly adults, 

which reduced particles levels and improved endothelial function.342 These 

finding are quite consistent with the findings that particles are 

associated with heart attacks and sudden deaths.  
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A study of mice genetically prone to atherosclerosis and on a high-

fat western diet exposed to concentrated particles from the outside air 

showed that the particle exposure leads to more atherosclerotic plaque and 

increased macrophages and tissue factor in the plaques, which reduce 

plaque stability and increase the risk of a heart attack.343 An earlier 

study, done in the northern suburbs of New York with low particle 

concentrations and little traffic pollution, exposed animals to 

concentrated particles and again reported increased plaque and increased 

vasoconstriction in mice genetically prone to atherosclerosis.344 A more 

recent study, using a different mouse model of atherosclerosis documented 

that particle exposure increased oxidation of low-density lipoprotein 

(making it much more dangerous), increased the thickness of the arterial 

wall, and promoted plaque growth and instability.345 Yet another study 

looked at gene expression in arterial tissue of animals following exposure 

to filtered air or particles. They reported clear signs of hundreds of 

genes changing their expression pattern after particle exposure, including 

increases in the inflammatory and cell proliferation (needed to thicken 

arterial walls and grow plaque) pathways.346  

Again, the human studies of atherosclerosis by Kuenzli cited above, 

which used ultrasound measurements to show particles produced narrowing 

arteries, have been confirmed by other studies. For example, a study in 

Germany has confirmed this association of PM2.5 with carotid artery 

thickening.280 A novel study used the MESA cohort and took advantage of the 
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fact that the blood vessels in the eye are readily visible in the retina. 

Special eye examinations used retinal photography and calculated how 

narrow the retinal vessels were. Investigators used a spatial model to 

estimate PM2.5 at the homes of every subject, and reported that going from 

the 25th percentile to the 75th percentile of PM2.5 exposure was associated 

with as much a narrowing of the blood vessels as seven years of aging.279  

I conclude that experimental exposure of animals to particles results 

in both more hardening of the arteries and decreased stability of the 

plaques; that multiple studies of human populations have demonstrated more 

hardening of the arteries in people more exposed to particles; that this 

is confirmed by experimental studies (air filters) in humans, and this 

combination is clear evidence that the epidemiologic evidence showing 

particles increase the risk of heart attacks is causal.  

 

Other Mechanisms: Epigenetics, Biological Aging, and Metabolomics 

DNA Methylation 

There are a number of other important physiologic pathways that are 

disturbed by particulate air pollution. Since the processes cited above, 

such as oxidative stress, inflammation, decline in lung function, 

hardening of the arteries, etc. are processes that occur even in the 

absence of air pollution exposure, and are associated with aging, it makes 

sense to consider whether particles are associated with biological aging 

itself. In addition, most bodily processes are controlled by the proteins 
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produced by our genes, and epigenetics is the study of changes to 

chromosomes that do not change the genetic code, but rather control the 

expression of genes (i.e., when and how much they are turned on or off). 

Changes to these processes also happen with aging, and are thought 

fundamental to the aging process and the development of disease. 

Particulate air pollution has been shown in multiple studies to interfere 

with that process.347-349 Some of these same epigenetic changes have been 

associated with heart and lung disease.350-354  

For example, we showed that particles were associated with changes in 

DNA methylation (one of the key control mechanisms for gene expression) in 

genes related to the MAP kinase inflammatory response355. Another study 

developed a novel multivariate statistical method for analyzing DNA 

methylation scores and showed that exposure to particles was associated 

with DNA methylation at several genes related to Asthma356. Recently, we 

conducted a genome wide scan of DNA methylation changes associated with 

PM2.5 in two cohorts, and reported several genes that were affected357.  

DNA methylation age is novel approach to define biological aging 

separately from chronological age. Horvath developed a score by looking at 

how DNA methylation at ~500,000 locations across the genome predicted 

chronological age in a selected group of healthy people. Using machine 

learning techniques, he identified a set of 353 locations that were 

responsible for most of the predictive power. Subsequent studies in more 

general populations have established that, controlling for chronological 
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age, this methylation age variable predicted cancer incidence and 

mortality358. Another study showed that methylation age predicted death 

from all causes359. Hence, this has been established as a marker of 

biological aging distinct from chronological age, and is interpreted as 

reflecting the extent to which one has aged less or more than the calendar 

would suggest. Therefore, we examined whether particles are associated 

with accelerated aging in the population, by looking at their association 

with this measure of biological age. We showed that annual PM2.5 

concentration was associated with increased DNA methylation age in the 

Normative Aging Study360. Each 1 μg/m3 increase in PM2.5 concentrations was 

associated with an increase of 0.51 years in biological age.  

 

Mitochondrial Function 

Mitochondria are organelles in the cells of eukaryotes (plants and 

animals) that provide the basic energy metabolism for that cell. They take 

in glucose, and produce other compounds such as adenosine triphosphate, 

that provide energy for the cellular processes. They appear to be derived 

from archaic bacteria, which entered into a symbiotic relationship with 

eukaryotes, and have their own DNA. What they do not have, however, is 

their own DNA repair mechanism. In contrast, our cells have multiple 

repair mechanisms to excise and replace damaged pieces of DNA. 

Consequently, DNA damage is a serious issue for mitochondria. This is 

worsened because the energy metabolism that they provide involves the 
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generation of reactive oxygen species, which, if not controlled, can 

damage the DNA of the mitochondria. Consequently, as we age, the 

mitochondria in our cells accumulate more and more damage, which is 

considered an important feature of biological aging. One response of a 

cell to impaired mitochondria is to make more copies of them (cells have 

tens to hundreds each) in an attempt to compensate for the damaged ones, 

and mitochondrial DNA copy number is an established indicator of the 

extent of mitochondrial damage. Under certain stressors, DNA copy number 

can fall, however. For example, Diabetes is associated with lower DNA copy 

number. In light of this, we have examined whether mitochondrial copy 

number is associated with particle exposure. In Hou, we showed that 

occurred, with higher particle exposure associated with increased copy 

number as cells struggled to cope with increased mitochondrial damage361. 

However, in a randomized exposure to PM2.5 or filtered air, particle 

exposure depleted 11% of Mitochondrial DNA and induced methylation changes 

in genes responsible for mitochondrial oxidative energy production362.  

 

Telomere Length 

Another key indicator of biological aging is telomere length. 

Telomeres are caps at the ends of each chromosome, which protect them when 

the DNA is unraveled for cell division. Each cell division, however, tends 

to reduce the size of the caps. When they are completely lost, the DNA 

tends to be damaged, and the cells can no longer successfully reproduce. 
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Since the ability to reproduce cells to replace damaged ones is essential 

for life, this is thought to be a principal factor limiting life 

expectancy. Hence discovering a substance that reduces telomere length 

indicates it is a likely risk factor for reduced life expectancy. Telomere 

length is most easily measured in white blood cells, which introduces a 

complication. Wounds, infections, or systemic inflammation can increase 

demand for white blood cells, causing the bone marrow to produce more of 

them. This will lower the average age of white cells in the blood, which 

can paradoxically result in longer average telomere length. In a study of 

workers in Beijing, we found we found that telomere length in fact 

increased with higher exposure to particles on the same day, but was 

shortened in response to higher exposure to particles over the preceding 

two weeks363. This loss of telomere length with longer exposure is 

precisely what we have found for particulate air pollution in both 

occupational cohorts364 and in an elderly population sample365. A study in 

an elderly population of never smokers in Europe confirms this, with PM2.5 

demonstrated to reduce telomere length366.  

 

MicroRNA 

Another mechanism by which the expression of genes is controlled 

involves microRNA. MicroRNAs are very small (~22 base pairs) strips of 

RNA. Unlike the much longer messenger RNA, they do not contain the code 

for making proteins. Messenger RNA duplicates the code for a protein from 
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the DNA in a gene and carries it to a Ribosome, where the protein is 

assembled according to the code. MicroRNAs can bind to the messenger RNA 

and prevent that last stage of the process. Hence, they are used in the 

body to limit production of proteins. Again, inappropriate amounts of 

microRNAs can lead to impaired physiology and disease. While microRNAs 

produced in a cell generally act in that cell, there is a process whereby 

they are packaged in small pieces of cell membrane material, called 

vesicles, and released from the cell to travel through the bloodstream to 

effect protein production elsewhere. These extra-cellular vesicles (EVs) 

containing microRNA are now recognized as a key part of cell to cell 

communication, which in turn influences key processes such as 

inflammation. A study of 1,630 people found that particle exposure 

resulted in increased release of extracellular vesicles, particularly by 

monocytes and macrophages. In turn, the particle exposure was associated 

with reductions in the amount of nine microRNAs in these vesicles which 

are related to cardiovascular disease, and five of them were mediators of 

the particle induced increase in fibrinogen, a major clotting factor367.  

 

Metabolomics 

Thousands of chemicals are produced in the human body in order to perform 

its functions, and it is increasingly clear that disturbances to the 

patterns of these multiple metabolites of normal bodily functions are 

indicators of disease, precursors to disease, and potentially causes of 
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disease. Metabolomics seeks to identify these patterns of change in 

response to exposure and to disease. A recent study by the Dutch National 

Institute for Public Health and the Environment exposed people to ambient 

air pollution in different locations in the Netherlands, and took blood 

samples 2 hours before exposure, 2 hours after exposure, and 18 hours 

after exposure. Diet and activity of the subjects were standardized by the 

researchers before the exposure took place. Several standard health 

outcomes (lung function, fibrinogen in blood (a clotting factor), etc.) 

were measured to see if the metabolites mediated the effect of air 

pollution on health measures. Their analyses controlled for the levels of 

the metabolites before exposure, to capture the baseline status of each 

participant, and corrected for the statistical issue that arises when one 

examines thousands of compounds, to wit, the increased risk of finding 

something by chance. Notably, they found that sulfate particles were 

associated with lower lung function, more clotting factor, and with dozens 

of metabolic changes 18 hours after exposure368. Soot particles were 

associated with lower lung function, more inflammation, and several 

metabolites two hours after exposure.  

  

III.A.7. CONCLUSIONS ABOUT PARTICLES 

 In summary, particles in the air are associated with increased rates 

of deaths, heart attacks, hospitalizations for pneumonia, blood pressure, 

impaired cognition, and other serious health impairments. There is no 
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evidence for a threshold for these effects, which means that any 

incremental exposure is associated with incremental deaths, heart attacks, 

etc. in the general population. Hence, any emissions of particle 

precursors cause serious harm to human health, including early deaths, and 

any reduction in emissions will have health benefits. For these reasons, 

it is my opinion that people living in locations whose particle 

concentrations are increased by excessive NOx emissions from the Navistar 

engines will suffer adverse health effects.  

The benefits of reversing these excess emissions will occur quickly. 

For example, as described in above, I reanalyzed the Harvard Six City 

Study data, and asked whether the increased mortality seen with higher 

PM2.5 depended on lifetime exposure, or only more recent exposure. The 

results indicated that it was exposure in the previous two years that was 

responsible for the increased mortality risk93. The analysis of the Nurses 

Health Study by Puett and coworkers reported similar findings‒the effects 

of PM2.5 on mortality are predominantly from the previous two years23.  

We see this for other outcomes as well. For example, Currie and 

Walker took advantage of the introduction of Easy Pass (E-Zpass) on toll 

roads in New Jersey to study the importance of traffic pollution exposure 

on adults369. Traditional toll plazas, which generated more pollution 

because of the congestion they caused, were replaced with Easy Pass toll 

plazas, but not all at the same time. The construction company determined 

the timing, based on convenience, and independent of any predictors of 
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health. Hence, it represents effectively a randomized trial of lowering 

traffic pollution on health. Among mothers giving birth during the 

transition and living near toll plazas, the introduction of EZPass reduced 

prematurity by 10.8 percent and low birthweight by 11.8 percent compared 

to births in the neighborhoods near plazas that had not yet received E-

ZPass. Similarly, they followed mothers who lived near toll plazas over 

time and compared siblings born before and after the adoption of E-ZPass. 

They found that prematurity was 1.4 percent lower and low birthweight was 

1.1 percent lower in siblings born after the change compared to those born 

before. Thus, health effects changed within a year of the change in 

exposure.  

Another study looked at deaths heart disease before, during, and 

after the Beijing Olympics. China shut many factories in the area 

surrounding Beijing during the Olympic Games to lower air pollution 

concentrations. Heart disease deaths also dropped during the period, and 

rebounded once the pollution resumed370. Again, the two Pope studies of 

natural experiments, the copper smelter and steel strike studies, showed 

that abrupt changes in pollution produced abrupt changes in death rates, 

and in hospital admissions of children for asthma and pneumonia. 

The southern California Children’s cohort study reported that PM2.5 

was associated with lower lung function growth in children. But, as 

described above, if they moved to a lower pollution location, their rate 

of growth increased again121. Again, Giroux and coworkers (2001) looked at 
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asthmatic children spending the summer in the city vs. those in a national 

park and reported spending the time in the national park dropped the 

concentrations of exhaled NO, a marker of inflammation in asthmatic lungs, 

to half its value of those remaining in the city132. 

Hence if we reduce exposure, the evidence indicates that most of the 

health benefits will accrue within one to two years, and that requiring 

such reductions to make up for prior violations will produce immediate 

benefits to the downwind populations. In addition, of course, these 

studies of abrupt changes in exposure and health demonstrate the causality 

of the associations. 
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III.B. Health Effects of Ozone 

Background on Ozone 

 Ozone is a ubiquitous pollutant but is not emitted directly. Rather, 

it is formed in the atmosphere by the chemical reaction of other 

substances. For example, hydrocarbons in the air, from manmade or natural 

sources, react with nitrogen oxides, the pollutant emitted in excess of 

standards by Navistar, in the presence of light and heat to form ozone. 

The basic reactions are: 

NO2 + VOC +sunlight NO + O +VOC 

O + O2 O3 

Carbon monoxide, another combustion byproduct, also plays a role in ozone 

formation. Since the chemical reaction takes time to complete, ozone 

concentrations are not limited to, or even highest in, the locale where 

the precursors were emitted, but can travel thousands of kilometers, 

exposing new populations as it travels. Ozone itself is a powerful 

oxidant, capable of harming living organisms. 

Ozone and Health 

III.B.1 The Scientific Consensus 

  In its recent ISA for ozone, EPA states: 
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“The last review concluded that there was clear, consistent evidence 

of a causal relationship between short-term exposure to O3 and 

respiratory health effects. This causal association was substantiated 

in this ISA by the coherence of effects observed across controlled 

human exposure, epidemiologic, and toxicological studies indicating 

associations of short-term O3 exposures with a range of respiratory 

health endpoints from respiratory tract inflammation to respiratory 

emergency department (ED) visits and hospital admissions (HA). Across 

disciplines, short-term O3 exposures induced or were associated with 

statistically significant declines in lung function. An equally 

strong body of evidence from controlled human exposure and 

toxicological studies demonstrated O3- induced inflammatory 

responses, increased epithelial permeability, and airway hyper-

responsiveness. Toxicological studies provided additional evidence 

for O3-induced impairment of host defenses. Combined, these findings 

from experimental studies provided support for epidemiologic 

evidence, in which short-term O3 exposure was consistently associated 

with increases in respiratory symptoms and asthma medication use in 

asthmatic children, respiratory-related hospital admissions, and 

asthma-related ED visits. Although O3 was consistently associated 

with non-accidental and cardiopulmonary mortality, the contribution 

of respiratory causes to these findings was uncertain. The combined 

evidence across disciplines supports a causal relationship between 
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short-term O3 exposure and respiratory effects.” (emphasis in 

original). 

For cardiovascular effects, the ISA concludes that there is “likely to be 

a causal relationship” (p 1-5).  The ISA also states  

“Recent multicity studies and a multi-continent study have reported 

associations between short-term O3 exposure and mortality, expanding upon 

evidence available in the last review (see Section 6.6). These recent 

studies reported consistent positive associations between short-term O3 

exposure and total (non-accidental) mortality, with associations being 

stronger during the warm season, when O3 concentrations were higher. They 

also observed associations between O3 exposure and cardiovascular and 

respiratory mortality. These recent studies also examined 

previously identified areas of uncertainty in the O3-mortality relationship, 

and provided additional evidence supporting an association between short-

term O3 exposure and mortality. As a result, the current body of evidence 

indicates that there is likely to be a causal relationship between short-term 

exposures to O3 and total mortality.” 

(emphasis in original). It similarly finds that long-term exposure to 

ozone is likely to have respiratory effects.  

The World Health Organization, in setting its guidelines for ozone, 

stated: 

“These latest time-series studies have shown health effects at ozone 

concentrations below the previous guideline of 120 μg/m3 but without 

clear evidence of a threshold. This finding, together with evidence 
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from both chamber and field studies that indicates that there is 

considerable individual variation in response to ozone, provides a 

good case for reducing the WHO AQG for ozone from the existing level 

of 120 μg/m3 to 100 μg/m3 ( daily maximum 8-hour mean). “ 

In a letter to Administrator McCarthy, commenting on EPA’s recent proposed 

ozone standard, a wide range of medical associations expressed their 

opinion that ozone was harmful at current exposure levels, and among other 

things, caused early death. The full text of their letter is in Appendix 

A, selections are below: 

“American Academy of Pediatrics • American College of Preventative 

Medicine • American Heart Association • American Lung Association 

American Medical Association • American Public Health Association • 

American Thoracic Society • Asthma and Allergy Foundation of America 

• Children's Environmental Health Network • National Association of 

County and City Health Officials • National Association for Medical 

Direction of Respiratory Care • Health Care Without Harm • Trust for 

America’s Health 

Re: EPA Docket I.D. No: EPA-HQ-OAR-2008-0699  

Dear Administrator McCarthy: 

 As national organizations representing medical societies, public 

health and patient advocacy organizations, we write to provide 

comments to the U. S. Environmental Protection Agency on the proposed 

Ozone National Ambient Air Quality Standards. Our organizations 
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appreciate and would like to express our support to the EPA for 

moving forward to update the current ozone standard, and welcome this 

opportunity to provide input to this process, which we hope will 

result in a standard that is better protective of public health. Our 

organizations urge you to select a level for the primary health 

standard that will meet the Clean Air Act requirement to protect the 

health of the public with an adequate margin of safety: 60 parts per 

billion (ppb).” 

And 

“The list of populations who risk demonstrated harm from ozone 

pollution has grown significantly from the previous review. Children, 

people with asthma and other lung diseases, seniors, outdoor workers 

and people who have low socioeconomic status have long been shown to 

be vulnerable to ozone. Newer evidence shows some otherwise healthy 

adults are especially sensitive to ozone exposure because of 

limitations in some nutrients and certain genetic variants. In 

addition to these groups, the EPA’s Integrated Science Assessment has 

documented evidence that suggests increased risk to fetal development 

and to cardiovascular harm (EPA, Integrated Science Assessment, 

2013). Health-based standards must be set at levels that will protect 

all people, but particularly these sensitive groups. Ozone poses a 

grave threat to public health at levels well below the current 

standard. The current standard of 75 ppb fails to meet the 
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requirements of the Clean Air Act. Clinical and epidemiological 

studies have repeatedly shown that breathing ozone can threaten life 

and health at concentrations far lower than the 75 ppb 8-hour average 

standard. Extensive, public reviews of the large body of evidence by 

EPA’s independent science advisors, the Clean Air Scientific Advisory 

Committee (CASAC), and by EPA staff scientists have confirmed that 

the 2008 primary ozone standard is set at a level that is too weak to 

protect public health. In fact, three successive CASAC panels -- each 

under different leadership -- have reached the same conclusion: the 

2008 standard should not be retained.“ 

And 

”The scientific and medical understanding of the mechanisms by which 

exposure to ambient ozone pollution harms human health has grown 

considerably stronger since 2007. The EPA evaluated 1,000 new studies 

in the current review, studies that have been published since the 

completion of the 2006 Criteria Document. These studies inform our 

understanding of the health impacts of ozone at low concentrations. 

Multiple chamber studies provide robust evidence of harm to healthy 

adults down to 60 ppb. Adding to previous research by Adams (2002) 

and Adams (2006), both Brown et al (2008) and Kim et al (2011) 

provide still more evidence that exposures down to 60 ppb can reduce 

lung function and cause inflammation that meets the American Thoracic 

Society’s criteria for judging adversity. The subjects in these 
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chamber studies were healthy young adults -- not children, the 

elderly, or people with asthma who are more susceptible to ozone. The 

chamber studies establish solid evidence that concentrations above 60 

ppb would provide significant risk not only to many healthy adults, 

but most critically, to susceptible populations, including children, 

seniors and people with asthma and other chronic lung diseases.“ 

And 

“In addition to the strong evidence of increased morbidity from ozone 

down to 60 ppb, multiple well-reviewed studies had identified a new, 

strong association with premature death, with no discernable 

threshold, that made the risks to the large, vulnerable groups even 

graver.“ 

And 

“Research not only confirms the previous conclusions about ozone’s 

impact on human health, but adds to and clarifies the impact on 

multiple physiologic systems, including respiratory and 

cardiovascular. Examination of long-term exposure has identified 

outcomes beyond the traditional concerns to include the central 

nervous system and reproductive and developmental effects. The 

growing evidence of effects associated with breathing ozone for 

longer periods adds to the urgency to set the most protective 

standard now to reduce those exposures. “ 

And 
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“Since the previous review large studies examining exposures in 

multiple cities and continents have shown the consistent and 

pervasive threats to respiratory health. New studies confirm the 

impact on children with asthma. Multiple studies demonstrated 

increased pulmonary inflammation (Berhane et al., 2011; Khatri et 

al., 2009; Barraza-Villerreal et al, 2008), and increased risk of 

hospital admissions (Silverman and Ito, 2010; Strickland et al., 

2010). Several large studies looking at single cities and multiple 

cities confirm that breathing ozone increases the risk of hospital 

admission and emergency department visits for respiratory conditions 

(Katsouyanni et al, 2009; Lin et al., 2008a; Wong et al., 2009; 

Darrow et al., 2011); Stieb et al., 2009). Multiple- and single-city 

studies showed increased risk of respiratory hospital admissions and 

emergency department visits in cities that met the current ozone 

standard of 75 ppb (Cakmak et al., 2006; Dales et al., 2006; 

Katsouyanni et al., 2009; Stieb et al., 2009) or where most cities 

would have met standards set at either 65ppb or 70 ppb (Cakmak et 

al., 2006; Katsouyanni et al., 2009; Stieb et al. 2009). The American 

Thoracic Society summarized some of the new studies in the attached 

editorial in the American Journal of Respiratory and Critical Care 

Medicine advocating EPA adoption of a standard of 60 ppb (Rice, et 

al., 2015). ‘Highlights of this new body of evidence include a study 

of emergency department visits among children aged 0 to 4 in Atlanta, 
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which found that each 30 ppb increase in the 3-day average of ozone 

was associated with an 8% higher risk of pneumonia and a 4% higher 

risk for upper respiratory infection(5)[Darrow et al 2014].’” 

  

And 

“Perhaps of greatest concern, there is now stronger evidence of 

increased mortality in association with ozone (17–19)[Peng et al 

2013, Romieu et al 2012,Zanobetti and Schwartz 2008], particularly 

among the elderly and those with chronic disease(20, 21)[Medina-Ramon 

and Schwartz 2008, Zanobetti and Schwartz 2011].”  

And 

”Evidence is accumulating about the cardiovascular effects of ozone, 

with the strongest evidence for increased risk of premature death. 

Previous studies have shown adverse associations between ozone 

exposure and various cardiovascular health endpoints, including 

alterations in heart rate variability in older adults (Park et al., 

2005), cardiac arrhythmias (Rich et al., 2006), strokes, (Henrotin et 

al., 2007)  heart attacks (Ruidavets et al., 2005), and hospital 

admissions or cardiovascular diseases (Koken et al., 2003). Newer 

large epidemiologic studies from the U.S. (Zanobetti and Schwartz, 

2008b), Europe (Samoli et al., 2009) and Asia (Wong et al 2010) have 

provided evidence of premature death from cardiovascular effects, 

including two large studies that confirmed the effect after 
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controlling for particulate matter exposure (Katsouyanni et al 2009; 

Stafoggia, 2010).” 

And 

“A growing body of research raises concerns about longer-term 

exposure to ozone, particularly during pregnancy. Some toxicological 

studies warn that ozone may affect development of the pulmonary 

system and central nervous system. Several large studies in 

California and Australia point to association of prenatal ozone 

exposure with low birth weight and impaired fetal growth (Salem et 

al., 2005; Morello-Frosch, et al. 2010; Hansen et al 2007, Hansen et 

al 2008;Mannes et al 2005). Low birth weight is linked to increased 

risk of chronic disease as adults (Rogers et al., 2012; Berends et 

al., 2012). Central Nervous System Effects Increased research since 

the last review has expanded evidence of the potential effects on the 

central nervous system. Toxicological studies provide evidence that 

short- or long-term exposure to ozone may affect cognitive abilities, 

such as memory (Rivas-Arancibia et al., 1998), and may produce 

changes similar to those seen in human neurodegenerative disorders 

(Rivas-Arancibia et al., 2010; Santiago-López et al., 2010; Guevara-

Guzman et al., 2009). “ 

And  

“Short-term increases in ozone were found to increase deaths from 

cardiovascular and respiratory causes in a large 14-year study in 95 
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U.S. cities. The relationship between mortality and ozone was evident 

even on days when pollution levels above 60 ppb were excluded from 

the analysis. (Bell, et al., 2004). A series of meta-analyses and 

multi-city studies has documented an increase in premature death 

following ozone exposures below 75 ppb, particularly among the 

elderly (Bell, et al., 2005; Levy et al., 2005; Ito et al., 2005). 

Furthermore, research has focused on controlling for weather 

variables in assessing the effect of ozone on mortality. A case 

crossover study (Schwartz, 2005) of more than one million deaths in 

14 U.S. cities found that “the association between ozone and 

mortality risk is unlikely to be confounded by temperature. Multiple 

new studies have confirmed that ozone causes premature deaths 

(Zanobetti and Schwartz, 2008b; Samoli et al., 2009; Wong et al 2010) 

and provided evidence that these deaths occur even after controlling 

for other pollutants, including particulate matter (Stafoggia, 2010; 

Katsouyanni et al., 2009). Of special concern the risk of premature 

death from ozone showed up more frequently in communities with higher 

unemployment or that had a higher percentage of Black/African-

American population, as well as in individuals who were 

Black/African-American or who had lower socioeconomic status. 

(Median-Ramón and Schwartz, 2008). EPA needs to ensure the strongest, 

most protective standards are in place to prevent this deadly 

pollutant from threatening the lives of thousands of Americans.”  
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 Sincerely,  

American Academy of Pediatrics 

American College of Preventive Medicine 

American Heart Association 

American Lung Association 

American Medical Association 

American Public Health Association 

American Thoracic Society  

Asthma and Allergy Foundation of America 

Children's Environmental Health Network 

Health Care Without Harm  

National Association of County and City Health Officials 

National Association for Medical Direction of Respiratory Care  

Trust for America’s Health.” 

Hence, the scientific consensus is that ozone kills people, puts them in 

hospitals for respiratory and possibly other conditions, affects heart 

disease, induces pregnancy complications, and impairs the health of 

asthmatics. In addition, as described below, there is a new body of 

substantial evidence, published since the ISA, that supports those 

conclusions, strengthens the conclusion about the respiratory effects of 

long-term ozone exposure, and finds that long-term exposure to ozone is 

associated with increases in long-term mortality rates, including from 
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cardiovascular disease. I concur in the consensus, and also believe the 

new evidence for long term mortality effects.  

 

III.B.2. Ozone kills People 

 While studies have for decades reported adverse responses to ozone, a 

highly oxidizing gas, studies demonstrating that ozone exposure might 

hasten deaths have been more recent. The first large scale report came 

from Europe, where seven cities were studied using identical methods and 

the results combined.371, 372 Since then, a number of studies have reported 

similar results in both the U.S. and Europe, including three large meta-

analyses commissioned by the U.S. EPA.373-375 Moreover, a large multi-city 

study has found no evidence of a threshold down to very low levels.376 The 

figure below is reproduced from that paper. Again, this means any increase 

in exposure above 20 ppb will result in increased deaths.  
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 Confounding 

The major concern of observational epidemiology studies is that some 

other exposure, correlated with the exposure of interest, may explain the 

observed association, which is not causal, but due to that correlation. 

For another exposure to confound studies of short-term changes in ozone 

and daily deaths, it must co-vary with ozone over the same timescale. The 

two obvious candidates for such a confounder are temperature and other 

secondary pollutants.  

Polluting sources do not directly emit ozone. It is produced by 

chemical reactions in the atmosphere, and those reactions are driven by 

sunlight and temperature. Hence ozone co-varies with temperature. All 
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studies of the effect of ozone on daily deaths have therefore controlled 

for temperature. However, the association of temperature with death is 

highly nonlinear; with heat wave conditions associated with much larger 

increases in deaths than temperatures just a few degrees cooler. How can 

we be sure that those studies correctly captured that relation, and that 

the ozone association is not due to ozone capturing the remaining effect 

of temperature?  

I addressed this in an analysis of over one million deaths in 14 

cities.377 Rather than examine the correlation between daily ozone and 

daily deaths, I converted the analysis into a case-control study. Using a 

variant called a case-crossover analysis (discussed above, regarding 

particle studies), I matched each decedent with themselves, on a control 

day in the same month of the same year that they died, which also had the 

same temperature (rounded to degree). This matching controlled for season 

and time trend, by choosing a control day in the same month and year as 

the date of death. Since the temperature was the same on the control day 

as the case day, temperature could not explain which day the death 

occurred on. I then compared the ozone levels on the two days to see if 

they predicted which day was the date of death. I found the same 

association with ozone that I found analyzing the data using the more 

traditional time series analysis. This indicates that confounding by 

temperature does not explain the observed ozone-mortality association.  
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The same process, (chemical reactions driven by light and heat), 

which produces ozone also produces other secondary pollutants (secondary 

because they are not what were primarily emitted). Among these are sulfate 

particles, from the reaction of sulfur oxides with ammonia, and organic 

particles, which, like ozone, derive from reactions of hydrocarbons. These 

pollutants are rarely measured, and hence previous studies have not 

controlled for them.  

To address this, Franklin and Schwartz turned to the U.S. EPA’s 

speciation monitoring network.378 Unfortunately, this network has only been 

operating since 2000, usually monitors only 1 in 3 or 1 in 6 days, and 

only measures particles, and not other oxidant gases. Nevertheless, using 

data from 18 cities with speciated particle measurements, we showed that 

control for nitrate particles or organic carbon particles did not change 

the estimated effect of ozone on mortality. In contrast, control for 

sulfate particles reduced the estimated ozone effect by about 25%, 

although the confidence intervals included the possibility of no 

reduction. Hence some of the effect attributed by past studies to ozone 

may have been due to sulfate particles, but most was not, and organic and 

nitrate particles do not appear to be confounders.  

A more recent studies have confirmed the association of short-term 

exposure to ozone and daily death rates in the entire Medicare population 

of the US379. This study covered 62 million people across the entire 

country. 
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  Harvesting 

One possible explanation of the observed associations is that they 

are causal, but that only extremely sensitive individuals, who are on the 

brink of death, are affected by this exposure. If ozone is merely bringing 

forward deaths among people who would have died in the next week anyway, 

the public health impact of the observed ozone-mortality association is 

much reduced. Recently, we addressed this question in a large, multi-city 

study.  

If ozone’s primary effect is on the death rate from the risk pool, 

and deaths were only being brought forward by, e.g., seven days, then, 

ceterus paribus, we would expect a negative correlation between ozone 

exposure today and deaths a week from now. Zanobetti and Schwartz used 

this insight to look at the correlation between ozone levels and death 

counts in 48 U.S. cities for time periods up to 21 days after exposure.380  

 We found no negative correlation existed between ozone and mortality 

up to 21 days later, and that the positive association persisted over 

several days but fell to zero within a few days. The overall effect of 

ozone over the period was an increase of 0.5% in daily deaths (95%C.I.: 

0.05-0.96) per 10 ppb increase in 8-h average ozone, compared to an 

increase of 0.3% (95%C.I.: 0.2-0.4) when only one day of ozone exposure 

was considered. Hence, the deaths associated with ozone are not just being 

brought forward by a few weeks, and previous studies may have 
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underestimated the overall effect of ozone on mortality by just 

considering the effect of the ozone on deaths the same day. 

 

III.B.3 Long Term Ozone Exposure and Mortality 

Long-term exposure to ozone and mortality is a more serious issue 

since such associations could not be detected without significant 

reductions in life expectancy. Until recently, only one cohort study has 

examined this question, and it reported an association between long-term 

average ozone exposure and long-term average mortality rates from 

respiratory disease.381 More recently, we published a paper that examined 

cohorts of Medicare beneficiaries in multiple cities. In an important 

distinction from the Jerrett study, we only looked within a city for the 

association between ozone and life expectancy, eliminating confounding by 

factors that vary between cities. What we showed was that year-to-year 

variations of summer ozone concentrations around the trend line for each 

city were associated with year-to-year variations in mortality rates 

around the trend lines in that city.382 In a recent follow-up study, we 

reported that annual average ozone concentrations were associated with 

shortened life expectancy in another set of cohort studies that controlled 

for temperature variability383.  

This literature has now been extended substantially. Turner et al. 

followed the same ACS cohort as Jerrett, but with additional years of 

follow-up, and twice as many deaths49.  In addition, they used greatly 
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improved exposure estimates based on combinations of land use regression 

and chemical transport models. They report a significant association of 

annual ozone and all-cause mortality with a 10 ppb increase in ozone 

associated with a 2 % increase in annual all-cause mortality rates, and a 

3% increase in cardiovascular mortality rates in models controlling for 

PM2.5 and NO2. Moreover this comes on the heels of another paper, the 

CanCHEC study384, looking at a cohort of 2.5 million Canadians, reported 

essentially identical size of effect on all-cause mortality, and somewhat 

larger effects for cardiovascular mortality. The Turner paper also 

includes extensive sensitivity analyses showing no evidence that the ozone 

effects are confounded by individual or area-based measures of socio-

economic status, or of pollution modeling strategy. A key finding in the 

Turner and CanCHEC studies is that ozone was associated with 

cardiovascular mortality rates, and not just respiratory deaths. Because 

so many more people die from heart disease than respiratory disease, even 

modest increases in risk of those deaths implies a large increase in 

attributable deaths.  

Other recent cohort studies include the study of Di and coworkers 

where, using the entire Medicare population, we showed that annual average 

ozone concentrations were associated with increased mortality, controlling 

for PM2.5385. Two other studies have examined county level ozone and county 

level all cause deaths386, or deaths from chronic lower respiratory 

disease387 and reported significant associations.  
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Supporting this result, another cohort study reported an association 

between long term ozone exposure and factor VII coagulant activity388, a 

chamber study reported that ozone affected fibrinolytic activity389, and a 

toxicology study reported that following ozone exposure, isolated coronary 

vessels exhibited greater basal tone, enhanced susceptibility to serotonin 

stimulation, and impaired response to acetylcholine390. 

 

III.B.4 Ozone increases Hospital Admissions and other morbid conditions 

  Ozone and Asthma 

  A key finding of the EPA ISA is:  

Collectively, these findings provided biological plausibility for 

associations in epidemiologic studies of short-term ambient O3 

exposure with respiratory symptoms and respiratory-related 

hospitalizations and emergency department (ED) visits. 

. . .  

. . . In addition to lung function, ambient O3 exposure has been 

associated with increases in respiratory symptoms (e.g., cough, 

wheeze, shortness of breath), especially in large U.S. panel studies 

of children with asthma (Gent et al., 2003; Mortimer et al., 2000). 

(EPA ISA, at 6-1, 6-4).  

 One of the papers cited by the ISA, by Silverman and Ito, examines asthma 

hospital admissions in New York City.391 The figure below, reproduced from 

the ISA (Id., at 6-123), shows the relative risk of admission vs. ozone 
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concentration from that study. The relationship continues down to very low 

levels (20ppb), making it clear that incremental exposure will result in 

incremental admissions. 

 

 Also, ample evidence shows that short-term ozone exposure is 

associated with decrements in lung functions, increased respiratory 

symptoms, and lung inflammation.392 For example, Mortimer examined a large 

cohort of children with asthma and demonstrated that ozone exposure was 

associated with increased respiratory symptoms such as shortness of 

breath, wheeze, and cough. Some studies showed also that the effect is 

higher in asthmatic or already impaired respiratory function 

individuals.393-395  
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  Ozone and Other Hospital Admissions 

Respiratory Admissions 

A recent paper examined the association of annual average ozone 

exposure, rather than daily exposure, on hospital admission rates in the 

Medicare population of the Southeastern U.S. They reported that, after 

controlling for PM2.5, ozone was associated with increased admissions for 

pneumonia, chronic obstructive pulmonary disease, and lung cancer396. The 

association with pneumonia and COPD remained when the data was restricted 

to locations that were always in attainment with the recent ozone NAAQS 

(70ppb). A study of pediatric emergency room visits in Atlanta, Dallas, 

and St. Louis reported that ozone was associated with higher rates of 

emergency visits of children with respiratory illness397.   

Cardiovascular Admissions 

The Medicare paper cited above also examined the association of long-

term ozone exposure and cardiovascular hospital admissions. We found that 

ozone was also associated with admissions for stroke and for heart 

attacks.  

  Biological Mechanisms 

 A review of toxicological studies found decreased heart rate, 

metabolism, blood pressure, and cardiac output when rats are exposed to 

typical concentrations of ozone. The authors concluded that while only 

limited experimental evidence addresses the underlying mechanisms of these 

responses, there is some indication that they may be related to 
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stimulation of pulmonary irritant receptors and that they may be at least 

partially mediated via the parasympathetic nervous system.398 

 Other studies showed that the respiratory inflammation may inhibit 

recovery from infection or produce systemic responses. A recent panel 

study found that ozone was associated with increased levels of C reactive 

protein, fibrinogen, 8-hydroxy-2'-deoxyguanosine, plasminogen activator 

inhibitor 1, and decreased heart rate variability.399 Two previous papers 

had also reported decreases in heart rate variability.400, 401  

The above biomarkers are risk factors for heart disease. And there is 

more support for this. Other studies reported ozone exposure increase a 

marker of oxidative stress in the blood (8-isoprostane), of inflammation 

in the blood (IL8), damaged mitochondrial DNA in the aorta, etc. Many more 

details are provided in the ISA. Interestingly, these indications of 

increased inflammation and oxidative stress also are seen in the brain. 

This is also seen in experimental studies. Devlin exposed twenty-three 

young healthy people in a randomized crossover fashion to clean air and to 

0.3-ppm ozone for 2 hours while intermittently exercising. Blood was 

obtained immediately before exposure, immediately afterward, and the next 

morning. Continuous electrocardiogram monitoring began immediately before 

exposure and continued for 24 hours.  Ozone produced a 98.9% increase in 

interleukin-8 (an inflammatory protein), and a 51.3% decrease in the high-

frequency component of heart rate variability, and a 1.2% increase in QT 

duration (both changes increasing risk of arrhythmia)402.  
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Ozone exposure for four hours per day was shown to increase oxidation 

of the lipids (fats) in the brain, impair learning, and damage the 

hippocampal region of the brain, where learning occurs403, 404.  

Another recent paper examined the effect of ozone on 

electrocardiogram patterns in patients in North Carolina405. They reported 

that, controlling for PM2.5, ozone exposure was associated with prolonged 

QT interval, a known risk factor for arrhythmia, increased heart rate, and 

increased PR interval, which is a predictor of atrial fibrillation and all 

cause mortality. These associations continued when restricted to exposures 

below the ambient air quality standards.  

A chamber study of ozone exposure in humans demonstrated that ozone 

exposure increased levels of stress hormones and increased levels of 

lipids in the blood likely linked to inflammation406.  

These findings of increased markers of systemic inflammation, 

thrombosis, oxidative stress, and impaired autonomic function support a 

plausible association with cardiovascular mortality. 

 

III.C. Health Effects of NOx Exposure 

There is considerable evidence about the health effects of NO2 as 

well. I discuss this below. Please note that NO2 is reported in two 

different units in studies, as parts per billion of air (i.e. out of a 

billion molecules of air, how many are NO2) and as µg/m3, that is, how many 
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micrograms of NO2 there are in 1 cubic meter of air. 1 ppb of NO2 

corresponds to 1.88 µg/m3. 

 

III.C.1. The Scientific Concensus 

EPA has also prepared an Integrated Science Assessment as part of its 

2010 setting of the standard for NO2, and updated it in 2016. I here 

summarize key parts of those conclusions, and then discuss what has 

changed since their publication.  

The 2008 ISA states: 

“The ISA concludes that, taken together, recent studies provide 

scientific evidence that is sufficient to infer a likely causal 

relationship between short-term NO2 exposure and adverse effects on 

the respiratory system (ISA, section 5.3.2.1). This finding is 

supported by the large body of recent epidemiologic evidence as well 

as findings from human and animal experimental studies. These 

epidemiologic and experimental studies encompass a number of 

endpoints including [Emergency Department (ED)] visits and 

hospitalizations, respiratory symptoms, airway hyper-responsiveness, 

airway inflammation, and lung function. Effect estimates from 

epidemiologic studies conducted in the United States and Canada 

generally indicate a 2-20% increase in risks for ED visits and 

hospital admissions and higher risks for respiratory symptoms (ISA, 

section 5.4).” 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

161 

 

 

EPA has since updated its ISA for NO2. The 2016 version now states: 

“A causal relationship is determined for short-term NO2 exposure and 

respiratory effects.” Executive Summary, p LXXXII.   

And: 

“There is likely to be a causal relationship between long-term NO2 

exposure and respiratory effects (Section 6.2.9) based on the 

evidence for development of asthma.” 

For mortality, the ISA concluded that the evidence for both long-term and 

short-term exposure was suggestive of a causal relationship.  

The World Health Organization most recent statement on air pollution 

(https://www.who.int/airpollution/ambient/pollutants/en/) states: 

“Nitrogen dioxide, mainly emitted by power generation, industrial and 

traffic sources, is an important constituent of particulate matter 

and ozone. There is growing evidence that independently, it can 

increase symptoms of bronchitis and asthma, as well as lead to 

respiratory infections and reduced lung function and growth. Evidence 

also suggests that NO2 may be responsible for a large disease burden, 

with exposure linked to premature mortality and morbidity from 

cardiovascular and respiratory diseases.”  

EPA has cited substantial evidence in the published scientific literature 

for this conclusion. Importantly they have also addressed the issue of 

threshold and whether the NO2-Asthma relationship continues to low 

concentrations, stating  
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“Finally, a few recent studies examined whether the shape of the NO2-

asthma ED visit relationship is linear or provides evidence of a 

threshold. These studies provide evidence of a linear, no-threshold 

relationship between short-term NO2 exposures and asthma ED visits 

(Li et al., 2011b; Strickland et al., 2010).” (p 5-92). 

For example, the attached figure from the ISA (Fig 5.5, p 5-87) shows 

the concentration-response curve between the rate of asthma emergency room 

visits vs. NO2 concentration, with the reference rate set at the lowest 

observed concentrations.  
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III.C.2. My Opinion 

Since the time the ISA was prepared the literature has grown in 

important ways. A new meta-analysis searched the literature and identified 

15 studies that used NO2 as an exposure and looked at the incidence of lung 

cancer407. They reported a significant association with a 4% increase in 
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lung cancer rates for a 10 µg/m3 increase in NO2. Another study has been 

published analyzing a large cohort in The Netherlands. They reported a 

significant association of NO2 exposure with lung cancer incidence, with  a 

30 µg/m3 increment in NO2 associated with a 29% increase in the risk of 

lung cancer25.  

Another systematic review and meta-analysis examined the association 

of short term NO2 exposure with mortality and hospital admissions408. After 

an extensive literature review, they identified 204 time series studies 

that had examined the association of NO2 with either daily deaths or 

hospital admissions. They reported significant associations with multiple 

outcomes. For example, there were 101 studies that examined the 

association of NO2 with daily deaths. They found a significant association 

with deaths from all causes, with a 10 µg/m3 increase associated with a 

0.71% increase in daily deaths (95% Confidence Interval 0.43%,1.00%). 

There were 68 studies reporting associations with hospital admissions for 

respiratory disease, with an overall effect estimate of 0.57% (0.33, 0.82) 

increase per 10 µg/m3 increase in NO2, and for cardiovascular hospital 

admissions the estimate was an increase of 0.66% (0.32, 1.01), supported 

by 52 studies. An additional systematic review and meta-analysis looked at 

associations of NO2 and asthma emergency room visits or hospital 

admissions. Across 66 studies, they found a significant association, with 

a 10 µg/m3 increase in NO2 associated with a 1.8% increase in hospital 

attendance409. More recently, we published a paper that used causal 
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modeling methods to look at the association between daily NO2 exposure and 

daily deaths in 105 U.S. cities. These included a substantial portion of 

the U.S. population and over 7 million deaths. We reported a significant 

association after controlling for the effects of PM2.5, with a 2.6% 

increase (95% CI 1.8%, 3.4%) in daily deaths for each 10ppb increase in 

NO2. This was larger than the previous meta-analysis78.  

These are too strong effects from too many studies to ignore. The 

World Health Organization agrees with this conclusion. In a report prior 

to the publication of the above meta-analysis, the HRAPIE project of WHO 

reported that a panel of experts recommended computing deaths and 

respiratory hospital admissions associated with increases in NO2 

concentrations17.  

There is support for this conclusion from other recent studies  

examining related outcomes. The Sisters Study looked at almost 44,000 

women in the U.S. and reported that a 10-ppb increase in NO2 was 

associated with a 0.4-mmHg (95% CI: 0.2, 0.6; p < 0.001) higher pulse 

pressure308. Pulse pressue is the difference betweeen systolic and 

diastolic blood pressure, and increases in that difference are associated 

with heart disease. This finding makes an association with mortality more 

plausible.  

In addition several recent studies have examined long-term exposure 

to NO2 and mortality rates. In the CanCHEC cohort study, discussed in the 

ozone section, the investigators simultaneously examined the effects of 
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PM2.5, ozone, and NO2 on annual mortality rates48. For NO2, they reported 

significant association, with an 8ppb increase in NO2 associated with a 

4.5% increase in the annual mortality rate, after accounting for the 

effect of ozone and PM2.5. A new analysis of the ACS study reported that 

also controlling for PM2.5 and O3, reported an association of NO2 with 

mortality in that cohort49. These studies just add to the evidence reported 

in the systematic review of Faustini and coworkers410. They identified 23 

papers between 2004 and 2013 that examined the association between long 

term exposure to NO2 and long term mortality rates. They reported a 10 

µg/m3 increase in annual NO2 concentrations was associated with a 4% 

increase in annual mortality.  

Other types of evidence support a role of long-term NO2 exposure and 

the development of asthma, not just its exacerbation. For example, Lin and 

coworkers geocoded the residential addresses of children admitted to the 

hospital in Erie County New York (excluding Buffalo) for asthma, and age 

matched controls admitted for non–respiratory conditions411. These were 

linked to data on vehicle miles traveled on their street. The odds of 

asthma (adjusted for poverty level) for living within 200m of a street 

with the highest tertile of traffic density was 1.93 (95% CI 1.13, 3.29) 

and the asthmatic children were more likely to have truck traffic on their 

street. Trucks produce much more NO2 than cars. Another study analyzed 

data from two birth cohorts totaling 1,756 children in Munich412. 

Geographic Information System modeling was used to estimate the 
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concentrations of traffic related particles and NO2 outside the birth 

addresses of all the children. These pollutants were associated with dry 

cough at night in the first year of life. Brauer and coworkers examined a 

birth cohort of approximately 4,000 children in the Netherlands, and found 

traffic related pollution was associated with increased risk of wheeze and 

physician diagnosed asthma413. A case-control study of 6147 children in 

Nottingham, England found increased risk of wheeze associated with living 

within 90 m of a roadway414.  

Also, prenatal exposure to nitrate particles, which are exclusively 

produced by NO2 in the atmosphere, were associated with greater odds of 

asthma in children in the ACCESS pregnancy cohort415.  

 

III.C.3. Mechanistic Studies 

As noted in the 2016 ISA for NO2,  

“The key evidence that short-term NO2 exposure independently can 

trigger an asthma attack is the increased airway responsiveness and 

allergic inflammation induced by NO2 exposure in controlled human 

exposures studies. ... Allergic inflammation and airway responsiveness 

are hallmarks of asthma attacks; thus, this evidence supports 

epidemiologic results, which consistently link short-term increases 

in ambient NO2 concentration with increases in hospital admissions and 

emergency department visits for asthma, increases in respiratory 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

168 

 

symptoms and airway inflammation in people with asthma, and decreases 

in lung function in children with asthma.” 

That is, when individuals are exposed to NO2 in a laboratory setting, 

compared to clean air, they manifest increased inflammation in their 

lungs, and responsiveness, which is the term for the constriction of the 

breathing passages when stimulated. This is precisely what an asthma 

attack is.    

At a more basic level, we know that after entering the lung, NO2, 

which is an oxidizing compound, can contribute to the formation of 

reactive oxygen species in the lung. These in turn can oxidize the fatty 

acids that form the membrane of the epithelial cells lining the lung, 

which can change their permeability. They can also alter enzymes, 

proteins, etc. In particular, changes in lung antioxidant activity have 

been seen in NO2 exposed animals.  

As reported in the PM2.5 section, telomeres are the end caps of 

chromosomes and are critical to reproducing the chromosomes correctly when 

cells divide. As such, shorter telomere length is a marker of increased 

risk of disease. A recent study looked at prenatal and childhood exposure 

to NO2 and PM2.5 with telomere length in white blood cells of children in 

six birth cohorts across Europe.  Controlling for the effect of PM2.5, an 

increase of prenatal NO2 of 14 µg/m3 was associated with a –1.9% (–3.3%, –

0.6%) shorter telomere length. This is consistent with NO2 being a gas 

producing oxidative stress, as telomeres are rich in elements sensitive to 
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oxidation. This is consistent with another recent study showing that 

distance to major road was a predictor of placental telomere length.  

Studies of exacerbation of COPD by NO2 have been mixed with some reporting 

no association416, 417 and others reporting small increases, but only at high 

exposures 418, 419. In contrast, there is substantial toxicological support 

for NO2 increasing susceptibility and response to respiratory infections420.  

With respect to cardiovascular outcomes, controlled human exposure 

studies have not found increases in blood pressure or changes in cardiac 

output following NO2 exposure421, 422. However, an acute exposure to NO2 

produced tachycardia in one occupational report. A controlled human 

exposure study reported an effect of 2-hour exposure to NO2 on heart rate 

variability, cholesterol level, and that in combination with PM2.5 exposure 

produced increased inflammatory markers in lung lining fluid not seen with 

either exposure alone (Huang et al., 2012b). 

 

III.C.4. Conclusions 

NO2 exposure is a cause of increased respiratory ailments, and very 

likely to be a source of increased mortality.  

 

IV. QUANTITATIVE RISK ASSESSMENT 

IV.A. Justification for Risk Assessment 

 International scientific consensus concurs that our knowledge about 

the causality and size of the effects of air pollution on increased deaths 
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allows us to quantify the number of deaths that may be avoided by reducing 

particles and ozone in the air. For example, the World Health 

Organization, as quoted in the beginning of this report, performed 

quantitative risk assessments based on the epidemiologic evidence for 

estimating the effects of particles in Europe. Subsequently, as part of 

its announcement of new standards, the WHO performed a world-wide estimate 

and quoted those numbers. The WHO particle standard and quantitative 

mortality estimates were based, as it noted, on expert consultation with 

over 80 scientists worldwide. WHO’s most recent summary on the health 

effects on ambient air pollution, available online at 

http://www.who.int/airpollution/ambient/health-impacts/en/, states: 

“Ambient (outdoor air pollution) is a major cause of death and 

disease globally. The health effects range from increased hospital 

admissions and emergency room visits, to increased risk of 

premature death. 

An estimated 4.2 million premature deaths globally are linked to 

ambient air pollution, mainly from heart disease, stroke, chronic 

obstructive pulmonary disease, lung cancer, and acute respiratory 

infections in children.” 

WHO further explains that worldwide ambient air pollution accounts for: 

 25% of all deaths and disease from lung cancer 

 17% of all deaths and disease from acute lower respiratory 

infection 
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 16% of all deaths from stroke 

 15% of all deaths and disease from ischaemic heart disease 

[and] 

 8% of all deaths and disease from chronic obstructive 

pulmonary disease 

Again, such quantification comes from doing a risk assessment.  

 Similarly, another group of scientists at WHO prepared the Global 

Burden of Disease estimate,423 which estimates cases attributable to 

various diseases and exposures worldwide. In 2006, this group estimated 

that particulate air pollution produced 811,000 deaths per year in the 

world population that lived in cities 

(www.dcp2.org/pubs/gbd/4/Table/4/A107). They also quantify the benefits of 

reducing ozone concentrations. This estimate came from applying the 

epidemiology studies of long-term exposure and mortality rate, described 

previously in this report, to produce quantitative estimates of deaths due 

to particles and ozone. This approach has also been standardly used in the 

peer reviewed scientific literature for over a decade, including in the 

official journal of the Society for Risk Analysis.424-431  

In its review in 2010 of the Policy Assessment for the revision of 

the PM2.5 standard, the CASAC approved a document that makes use of the 

quantitative risk assessment in estimating the benefits of reducing PM2.5 

concentrations. The CASAC said:  
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“For the fine particle standard, the Policy Assessment draws heavily 

on the analyses in the Quantitative Health Risk Assessment for 

Particulate Matter, which are based on the assumption of a linear no-

threshold model for risk. The Risk Assessment covers the evidence 

supporting this model, drawing on the findings of the ISA, 

particularly the finding of associations of PM indicators with 

morbidity and mortality at concentrations measured in the United 

States.” 

 

CASAC also concluded:  

“CASAC concludes that the levels under consideration are supported by 

the epidemiological and toxicological evidence, as well as by the 

risk and air quality information compiled in the Integrated Science 

Assessment (December 2009), Quantitative Health Risk Assessment for 

Particulate Matter (June 2010) and summarized in the Second Draft 

Policy Assessment. Although there is increasing uncertainty at lower 

levels, there is no evidence of a threshold (i.e., a level below 

which there is no risk for adverse health effects).” 

(EPA-CASAC-10-015, Letter dated Sept. 10, 2010, to the Administrator of 

EPA). 

 Recently, the United Nations Environment Program published a report 

estimating the benefits of air pollution control strategies that both 

reduced harmful pollutants and short-lived climate forcing compounds. That 
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assessment also underwent extensive scientific review, and estimated the 

mortality benefits of reducing particle concentrations using the mean of 

the EPA Expert Elicitation slopes.90 That report concluded, “Full 

implementation of the identified measures could avoid 2.4 million 

premature deaths (within a range of 0.7–4.6 million) and the loss of 52 

million tonnes (within a range of 30–140 million tonnes), 1–4 percent, of 

the global production of maize, rice, soybean and wheat each year.” 

(United Nations Environment Program report, at 3). 

This report has been converted into a scientific journal article, and 

published in Science, perhaps the most distinguished peer-reviewed 

scientific journal in the world.432  

Again, the U.S. National Academy of Sciences also endorsed the use of 

epidemiology to perform estimation of avoided early deaths in its report 

on benefit estimation and risk analysis for air pollution standards.12 In 

that 2002 report, the Academy endorsed the use of concentration-response 

functions such as we used to estimate the benefits of incremental controls 

of particulate air pollution—precisely the case at hand.  

 The European Union, after its detailed evaluation of the scientific 

basis for particle standards set standards, and developed strategies to 

reduce particle levels. In EU Clean Air For Europe COM (2005) 446 Final 

Communication From The Commission To The Council And The European 

Parliament, it states that the goal of the strategy is a “47% reduction in 

loss of life expectancy as a result of exposure to particulate matter; 
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[t]o achieve these objectives, SO2 emissions will need to decrease by 

82%.”  That is, it states the consensus that particles kill people, and 

that reducing particles will save lives, and by computing the amount of 

reduction in lost life expectancy that will occur following implementation 

of the strategy, it clearly indicates that such risk assessments are 

reasonable. Doing so, it goes on to state:  

“Concerning health impacts, currently in the EU there is a loss in 

statistical life expectancy of over 8 months due to PM2.5 in air, 

equivalent to 3.6 million life years lost annually. The level of 

ambition chosen for this Strategy has been estimated to deliver at 

least €42 billion per annum in health benefits.” 

More recently, the Gobal Burden of Disease has been updated to use 

exposure estimates outside of large cities and estimate the worldwide 

impact of PM2.5. Their latest estimate is that air pollution is responsible 

for 5.5 million early deaths per year, overwhelmingly from PM2.5 14 This 

year the Lancet Commission on Pollution and Health confirmed those 

findings. 

 Hence, the scientific consensus is not merely that the concentration 

response functions used to estimate quantitative risks are reasonable, but 

multiple national and international organizations have in fact used them.  

Similarly, EPA has performed quatitative risk assessments for ozone and 

NO2 health effects in the RIAs for those pollutants, and again, this is 

similar to efforts by the Global Burden of Disease and WHO.  
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Moreover, this is also like the quantitative risk assessments 

routinely done by public health agencies for other exposures.  Indeed, the 

Centers for Disease Control (CDC) and the AHA do just that every year. 

Consider the “risk factor” of smoking. About it, CDC states that 

“[s]moking leads to disease and disability and harms nearly every organ of 

the body” and that “[c]igarette smoking is responsible for more than 

480,000 deaths per year in the United States” 

(https://www.cdc.gov/tobacco/data statistics/fact sheets/fast facts/index.

htm). Cigarette smoking is not listed as a cause of death on any death 

certificate, and more of these 480,000 deaths come from heart disease than 

from lung cancer. Similarly, regarding the “risk factor” of high blood 

pressure, the CDC says that “[h]igh blood pressure was a primary or 

contributing cause of death for more than 410,000 Americans in 2014” 

(https://www.cdc.gov/dhdsp/data statistics/fact sheets/fs bloodpressure.ht

m). 

CDC also considers PM2.5 as a risk factor for which it can calculate 

attributable deaths. Regarding PM2.5 as a “risk factor,” the CDC says: 

“Changes observed in people exposed to PM2.5 include: increased airway 

inflammation and sensitivity, decreased lung function, changes in 

heart rhythm and blood flow, increased blood pressure, increases in 

the tendency to form blood clots, and biological markers of 

inflammation. These health effects cause increases in symptoms, 

emergency department visits, hospital admissions, and deaths from 
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heart and lung diseases.” 

(https://ephtracking.cdc.gov/showIndicatorPages.action?selectedContentArea

Abbreviation=11&selectedIndicatorId=75&selectedMeasureId=.) The CDC 

further goes on to quantify those effects, stating that “[f]or example, 

according to 2009 data available on the Tracking Network, a 10% reduction 

in PM2.5 could prevent: 

 more than 400 deaths per year in a highly populated county, 

like Los Angeles County; 

 about 1,500 deaths every year in California; and 

 over 13,000 deaths across the nation.” 

(https://ephtracking.cdc.gov/showAirHIA.action.) 

 

IV.B. The Fundamentals of a Risk Assessment 

 Conducting a risk assessment for an action, such as excess emissions 

of NOx, has several fundamental components. First, given estimates of how 

many tons of increased emissions occured, one must convert that into 

estimates of the change in concentrations in the air, at the locations 

where the population for whom the risk assessment is being conducted live. 

This is often done using chemical transport models, as was done in the 

RIAs for the NAAQS. These models take as inputs EPA’s emission 

inventories, describing the locations and amounts of emissions, including 

from natural sources as well as anthropogenic sources. These are combined 

with detailed weather data from the National Atmospheric and Oceanic 
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Administration, which include factors such as wind patterns and weather 

fronts, temperature, etc. at mutiple altitudes, which allow the model to 

estimate where the emissions go. Finally, the models contain complex, 

nonlinear chemistry to capture the reaction of the various chemicals in 

the air, such as NOx, which result in formation of particles and ozone. 

These models are run twice, with and without the excess emissions, and the 

differences are the incremental exposures due to the excess emissions.   

Typically estimates are summarized by dividing the country into geographic 

units, such as counties, because other parts of the health impact 

assessment are only available at those levels.  

 Second, given the estimated differences in concentrations in each 

county, we need to estimate the difference (between excess exposure and no 

excess exposure scenarios) in mortality or in morbid events in that 

county. The mortality-pollutant studies provide estimates (slopes) that 

basically relate change in pollution concentration to a percent change in 

the mortality rate. Therefore, if we multiply the change in the pollution 

concentration in a county (resulting from the emissions increase) by the 

slope from the mortality studies, we get an estimate of the percent change 

in the mortality rate in that county. 

However, we want to know how many actual deaths occured, not how much 

the rate changed. This requires two more steps. First, we convert the 

percent change in mortality rate into an absolute change in the mortality 

rate. To do this we need to know the baseline mortality rate. Suppose, for 
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example, we had estimated that the difference in exposure between the two 

scenarios resulted in a 1% change in the mortality rate. Multiplying this 

times the baseline mortality rate (for example 8 deaths per 1000 

population) would give the change in the absolute mortality rate 

attributable to that difference, which in the above example would be 1% of 

8, or 0.08 deaths per 1000 persons living in the county. Finally we need 

to multiply by the population of the county to get the estimated change in 

deaths per year in the county. Mathematically, the formula is: 

Deaths = Pop * Y0 * (1-exp-β ∆X)       (1) 

 Where Pop is the population of the county, Y0 is the baseline 

mortality rate in the county,  is the slope of the pollution mortality 

relation, and ∆X is the change in pollutant concentrations. We repeat this 

process for every county in the U.S. that we study to get the estimated 

total change in deaths as a result of the increased concentration of that 

pollutant due to the increase in emissions. This process is repeated for 

each type of event (e.g., deaths, heart attacks, hospital admissions).  

Running chemical transport models is expensive and time consuming, and in 

a case such as this, lack of knowledge of exactly where the excess 

emissions from Navistar engines occurred makes it unfeasible. EPA has also 

developed reduced form methods that are used in such a case. For example, 

in the RIA for the repeal of the clean power plan, EPA used a benefits per 

ton approach. This approach still relies on a chemical transport model. 

However, it fits the chemical transport model for a reference case of 
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emissions, and computes the health effects, and associated monetary costs, 

from those emissions. Those can be divided by the number of tons of 

emissions to derive a benefits per ton from emissions reduction, or 

equivalently, cost per ton from emissions. More recently, Wolfe and 

coworkers used a source specific model chemical transport model to derive 

the costs per ton of emissions from multiple categories of mobile 

sources433. These costs were restricted to those due to the particles 

formed by the emissions, and excluded ozone, or direct NO2 health effects. 

They report those costs per ton of NOx emissions from heavy duty Diesel as 

$14,000. That is, on average, the same type of engines as the Navistar 

engines in this case produce $14,000 in economic damage per ton of 

emissions. Since the Navistar engines were sold throughout the country and 

subsequently driven widely over the United States,440 this national average 

approach to estimating costs per ton seems appropriate to this case. To 

derive that cost, Wolfe and coworkers estimated deaths per ton and 

converted the number of deaths into monetary values, as discussed below.   

EPA, in its revised RIA for the Cross State Air Pollution Rule, 

accounting for the ozone standard, adopted a similar benefit per to 

approach to estimate the health and monetary benefits of the reduced ozone 

consequent to reducing a ton of NOx. They report (p134) those benefits 

range from $6,000 to $9,900 without discounting and from $1,200 to $2,500 

with discounting434. These numbers assume that there is no effect of long-

term ozone exposure on mortality rates.  
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Finally, a benefit analysis seeks to convert these numbers of events 

into monetary terms so that they can be compared to the costs of controls. 

I have also conducted this analysis. Below, I first describe the sources 

of the components of these estimates, and then I subsequently report the 

results.  

 

IV.B.1. Valuation 

In order to estimate the damages due to emissions of NOx, the 

increased health effects estimated above are converted into monetary 

terms. This is done for two reasons. First, when comparing policy 

alternatives, it is often useful to compare the benefits of emission 

reductions to the costs of providing those reductions. Costs, of course, 

are computed in dollars, so it is advantageous that benefits be monetized 

as well. This benefit-cost approach to public policy evaluation is used 

extensively by federal agencies435-437.  

The second reason that benefits are monetized is that air pollution 

has many different impacts on society. These include premature death, 

increased rates of illness, and increased hospital admissions. Valuation 

provides a means to express these impacts in a common unit. This 

facilitates aggregation of impacts across endpoints. For the purposes of 

this analysis, we will model mortality and morbidity impacts. The 

discussion of valuation methodology follows accordingly.  
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How do people value changes to mortality risks?  

Translating mortality impacts into monetary damages relies on 

statistical techniques to estimate how people and societies value 

mortality risks. This estimate is not a price on a life. It is obtained by 

estimating how much people are willing to pay for small reductions in 

their risk of death. This is appropriate because we can tell people that 

lowering PM2.5 concentrations will lower their risk of dying, but we cannot 

identify which people are the ones who will (or will not) die. Hence the 

quantity we want to value is risk reduction. If people are willing to pay, 

for example $100 for a reduction in risk of 1 in 10,000, then if 10,000 

people purchased an intervention that reduced their risk by 1 in 10,000, 

there would, on average, be 1 fewer death in the population, at a cost of 

1,000,000 dollars. To ease computation of benefits, instead of estimating 

the increased risk to each person in the U.S. and multiplying by the value 

to them of avoiding that risk ($100 in the above example), it is more 

convenient (but identical) to estimate the number of excess deaths and 

multiply that (in the above example) by $1 million. The latter number is 

referred to as the value of a statistical life in the economics 

literature438. This estimate is based on research where people are asked 

how much they would pay for consumer products (such as water filters) that 

reduce risk. Alternatively, there are studies that examined how much more 

employers have to pay employees (adjusting for age, education, and 
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experience, etc.) to compensate for taking an increased risk of accidental 

death.  

Formally the VSL is defined as the maximum rate at which an 

individual would pay to reduce their chance of death by a small amount in 

a certain time period (often the current year), or alternatively, the 

minimum compensation that an individual would require in order to accept 

an increase in the risk of death in a specified period. Although the 

preceding discussion of the VSL concept is abstract, instances of people 

actually making such a tradeoff (between money and mortality risks) are 

evident in market behavior. A typical example is purchasing equipment or 

devices that reduce the risk of death such as water filters or smoke 

detectors. People also show a willingness to exchange money for mortality 

risks in the workplace.  

Broadly speaking, these two approaches are used to estimate VSLs, 

called revealed preference methods and stated preference methods in the 

economics literature. Revealed preference methods have used regressions to 

measure the effect that occupational mortality risk has on wages across a 

wide range of occupations and, therefore, risk levels438, the second type 

of study described above. These studies carefully control for many 

characteristics of the worker and the occupation in order to estimate the 

risk-wage tradeoff free of confounding.  

 In contrast to revealed-preference techniques which focus on choices 

that individuals make in market transactions, stated preference studies 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

183 

 

ask survey respondents how, in hypothetical situations, they would make 

tradeoffs between money and mortality risk. Stated preference studies have 

been used to elicit respondent’s mortality-risk money tradeoff in various 

contexts including: traffic-related risks, health-related risks, and risks 

of death in the workplace439.  

The findings of either the revealed preference or the stated 

preference studies reflect an average rate of tradeoff between money and 

the chance of death. EPA has reviewed the VSL literature most recently in 

the Regulatory Impact Assessment for the PM2.5 Ambient Air Quality 

Standards102.  

IV.B.2. Choosing the Dose-Response slopes 

 A key issue in a risk assessment is the choice of slopes relating the 

various exposures to health endpoints. This was reviewed extensively by 

EPA in their most recent Regulatory Impact Analysis. 

The most important slope for this estimation is the one with 

mortality. EPA presents two slopes from two studies, and carries that 

through into their estimate of benefits per ton. There are several reasons 

I do not accept this approach. First, this ignores all of the other cohort 

studies (over 50 of them) on PM2.5 and mortality, many more recent and with 

better exposure measures, which is hard to justify. Second, most studies 

seem to be distributed around a central tendency, which argues for 

choosing a central tendency. And third, many recent studies have been 

conducted at the lower concentrations of air pollution that now prevail.  
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In a recent paper, we examined 135 estimates of the C-R slope from 53 

different cohort studies, and fit a meta-analysis that combined the 

estimates, and also showed how they varied with concentration.26.  We 

systematically searched all published cohort studies that examined the 

association between long term exposure to PM2.5 and mortality.  This 

systematic review and meta-analysis was done in accordance with the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement 44. We identified studies through a search in Pubmed 

(Medline Ovid), Embase, EBSCO, Web of Science and Global Health on CAB 

databases (last accessed on April 20, 2017).  

A meta-analysis is essentially a weighted average of the C-R slopes 

from all the studies, giving more weight to those studies that have 

tighter confidence intervals. In addition, we examined characteristics of 

each study that might influence the C-R slope, including the PM2.5 

concentrations in the study areas. A key additional feature of a meta-

analysis is that it directly accounts for heterogeneity in C-R slopes 

across different studies. It uses the confidence intervals within each 

study to estimate how much variation in slopes one would expect just by 

random chance, and uses the remaining variation in the slopes between 

studies as an estimate of the additional variation due to differences 

between studies. Our confidence intervals for the central estimate from 

the meta-analysis incorporate this additional uncertainty. Importantly, 14 

studies were conducted on cohorts with mean exposure less than 10 μg/m3, 
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giving us considerable information on which to estimate the C-R slope at 

lower exposures which now prevail in the United States. 

Using those studies, we found a nonlinear C-R slope, with lower 

slopes at higher concentrations no longer seen in the U.S. At a 

concentration of 10 µg/m3, we found a 1 μg/m3 increase in PM2.5 was 

associated with a 1.29% increase in all-age all-cause mortality (95% CI 

1.09, 1.50). Since 10 µg/m3 is approximately the mean PM2.5 concentration in 

the U.S. this seems the most appropriate choice. It is almost identical to 

the results in the Wolfe paper calculating benefits per ton using the 

PM2.5-mortality coefficient from the Lepeule paper30, so I have used those 

results from Wolfe based on the Lepeule coefficients as the central 

estimate of the PM2.5 related benefits per ton. This results in a benefit 

per ton of NOx reduction of $14,000. The Wolfe et al. paper does not give 

confidence limits for this prediction, so we have used the confidence 

intervals from the Lepeule paper on which it was based, providing a 95% 

confidence interval of ($7,000, $21,000). 

The EPA derived benefits per ton of NOx through its impact on ozone 

formation using dose-response estimates between ozone and mortality from 

two papers. The paper with the higher estimate has an effect size that is 

lower than those from meta-analyses of the ozone literature (Levy 2005, 

Ito 2005), as indicated by the below figure from the EPA RIA.  
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Given this, I have taken the Zanobetti and Schwartz estimate as a midpoint 

and not high-end number. Using that, the benefits per ton of NOx reduction 

through its role in ozone formation are $2,500 using discounting. Using 

the confidence interval from the Zanobetti and Schwartz paper provides a 

confidence interval for the benefits per ton of ($1,665, $3,333).  

IV.B.3. Long term ozone exposure and Mortality 

The issue of long-term effects of ozone on mortality is one where I 

have used new information to update the concentration response slope in 

the ozone RIA. In general, studies of long-term exposure report large 

concentration-response slopes than studies of short-term exposure, and are 
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assumed to encompass the latter. There are 6 studies that have reported 

concentration-response slopes between long-term ozone exposure and chronic 

mortality rates. Two of them examined sensitive populations, and, as 

expected, reported larger slopes than the rest, which are not easy to 

extrapolate to the general population. The remaining four are the studies 

of Jerrett381, of Turner49, and of Crouse48 and Di385. Since the Turner study 

is an extended follow-up of the same cohort used by Jerrett, I have 

averaged the dose-response slopes from the remaining three studies. For 

all-cause mortality, the Crouse study reports that after controlling for 

PM2.5 and NO2, a 9.5 ppb increase in ozone was associated with a 1.8% 

increase in deaths from all cause (95% CI 1.0%, 2.6%). The Turner study 

reported that a 10 ppb increase in ozone was associated with a 2% (95% CI 

1%, 4%) increase in deaths from all cause, controlling for PM2.5 and NO2. 

The Di study reported that 10ppb increase in ozone was associated with a 

1.1% (95% CI, 1.0 to 1.2) increase in deaths from all cause. Based on 

this, I computed the health impact of the increased ozone due to 

Navistar’s excess NOx emissions assuming a slope of 1.6% increase in all 

cause deaths for each 10 ppb increase in annual average ozone. Because 

there are fewer ozone studies than PM2.5 studies, and the mechanistic data 

is not quite as strong, I have computed these effects as a sensitivity 

analysis. This then needs to be adapted to the benefits per ton approach. 

The long-term percent change in deaths per 10ppb change in ozone above is 

approximately 3 times the estimate for short-term effects in the Zanobetti 
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and Schwartz paper used in the CSAPR RIA. I have assumed that the acute 

effects are captured in the chronic exposure effects, and therefore, in 

the sensitivity analysis, I have assumed the ozone-related benefits are 3 

times what I have used in my base case analysis, or $7,500 per ton of NOx.   

 

IV.B.4. Results of the Risk Assessment. 

Based on the information provided to me by ERG,441-443 I computed the 

health and economic damages under the three different scenarios for the 

Subject Engines:  excess emissions of the Subject Engines relative to not 

being sold; excess emissions of the Subject Engines relative to the 0.2 

standard, and excess emissions of the Subject Enines relative to a 0.5 NOx 

FEL. For the Credit Engines, there is only the one value for the excess 

emissions. The harm form the Credit Engines is added to the harm from the 

Subject Engines in each scenario.  The results are shown in the table 

below. 

 

Excess Emissions from the Subject Engines Relative to not being sold 

 Tons Resultant Deaths 

and 95% CI 

Economic Damage 

(billions of 

Dollars) and 95% 

CI 

Past Emissions     

 

(b) (4)
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Future Emissions 

Credit Emissions 

(past) 

Credit Emissions 

(Future) 

Total Emissions 

Total Emissions 

including Chronic 

Ozone Effects 

Excess Emissions of the Subject Engines Relative to the 0.2 Standard 

Past Emissions 

Future Emissions 

Credit Emissions 

(past) 

Credit Emissions 

(Future) 

Total Emissions 

(b) (4)

(b) (4)



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

190 

 

Total Emissions 

including Chronic 

Ozone Effects 

Excess Emissions of the Subject Engines Relative to a 0.5 FEL 

Past Emissions 

Future Emissions 

Credit Emissions 

(past) 

Credit Emissions 

(Future) 

Total Emissions 

Total Emissions 

including Chronic 

Ozone Effects 

 

Based on the discussion above, the benefits of reducing NOx emissions 

through their impact on PM2.5 concentrations are $14,000 per ton, and 

through their impact on ozone formation are $2,500 per ton, for a total of 

$16,500 per ton (95% CI $23,550, $9,450). To estimate confidence intervals 

for these costs, I have used the standard formula for the variance of a 

(b) (4)

(b) (4)
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sum of two independent parameters (Var(A+B)=Var(A) +Var(B)). Hence, the 

health costs imposed on the U.S. population by the Navistar excess 

emissions are  

If we take into account the likely long-term effects of ozone exposure, 

then the central estimates of the costs imposed rise to  

This does not include the possible effects of short-term NO2 

exposure on mortality, which would add to these amounts.  

 

V. CONCLUSIONS 

 In summary, NOx emissions produce particles and ozone, which, in 

turn, produce increased numbers of deaths, heart attacks, hospitalizations 

for pneumonia, asthma, and other serious health impairments. There is no 

evidence for a threshold for these effects, which means that any 

incremental exposure is associated with incremental deaths, heart attacks, 

etc. in the general population, and the economic costs of those effects is 

substantial. In addition, there are health effects of NO2 itself.   

(b) (4)

(b) (4)
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Appendix A. Medical Societies Letter on Ozone 

American Academy of Pediatrics • American College of Preventative Medicine 

American Heart Association • American Lung Association American Medical 

Association • American Public Health Association • American Thoracic 

Society • Asthma and Allergy Foundation of America Children's 

Environmental Health Network National Association of County and City 

Health Officials National Association for Medical Direction of Respiratory 

Care • Health Care Without Harm • Trust for America’s Health 

Re: EPA Docket I.D. No: EPA-HQ-OAR-2008-0699  

Dear Administrator McCarthy: 

 As national organizations representing medical societies, public health 

and patient advocacy organizations, we write to provide comments to the U. 

S. Environmental Protection Agency on the proposed Ozone National Ambient 

Air Quality Standards. Our organizations appreciate and would like to 

express our support to the EPA for moving forward to update the current 

ozone standard, and welcome this opportunity to provide input to this 

process, which we hope will result in a standard that is better protective 

of public health. Our organizations urge you to select a level for the 

primary health standard that will meet the Clean Air Act requirement to 

protect the health of the public with an adequate margin of safety: 60 

parts per billion (ppb). 

 EPA Must Protect the Health of the Public, including Sensitive 

Populations  
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The Clean Air Act establishes the primary National Ambient Air Quality 

Standard to protect public health from the nation’s most widespread air 

pollutants. The Clean Air Act directs the Administrator to set standards 

that are “requisite to protect public health” with “an adequate margin of 

safety” (42 U.S.C. § 7409 (b) (1)). The list of populations who risk 

demonstrated harm from ozone pollution has grown significantly from the 

previous review. Children, people with asthma and other lung diseases, 

seniors, outdoor workers and people who have low socioeconomic status have 

long been shown to be vulnerable to ozone. Newer evidence shows some 

otherwise healthy adults are especially sensitive to ozone exposure 

because of limitations in some nutrients and certain genetic variants. In 

addition to these groups, the EPA’s Integrated Science Assessment has 

documented evidence that suggests increased risk to fetal development and 

to cardiovascular harm (EPA, Integrated Science Assessment, 2013). Health-

based standards must be set at levels that will protect all people, but 

particularly these sensitive groups. Ozone poses a grave threat to public 

health at levels well below the current standard. The current standard of 

75 ppb fails to meet the requirements of the Clean Air Act. Clinical and 

epidemiological studies have repeatedly shown that breathing ozone can 

threaten life and health at concentrations far lower than the 75 ppb 8-

hour average standard. Extensive, public reviews of the large body of 

evidence by EPA’s independent science advisors, the Clean Air Scientific 

Advisory Committee (CASAC), and by EPA staff scientists have confirmed 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

194 

 

that the 2008 primary ozone standard is set at a level that is too weak to 

protect public health. In fact, three successive CASAC panels -- each 

under different leadership -- have reached the same conclusion: the 2008 

standard should not be retained.  

 As part of the advice to the EPA during the previous review that ended in 

2008, CASAC sent letters repeatedly supporting a standard between 60 and 

70 ppb (Henderson, 2006; Henderson, 2007). After EPA published its final 

decision in 2008, CASAC sent a rare letter to the Administrator commenting 

on the decision. The CASAC stated unequivocally that they disagreed with 

the decision to set the standard at 75 ppb. These scientists notified the 

Administrator that they “do not endorse the new primary ozone standard as 

being sufficiently protective of public health.” (Emphasis in the 

original.) They urged that the Administrator or his successor “select a 

more health-protective” standard in the next review cycle (Henderson, 

2008). It is important to note that their decision was based on the 

scientific evidence as it stood in 2006, the close of that review period. 

  When asked to reevaluate the evidence during EPA’s ill-fated 

reconsideration of the 2008 standard in February 2010, CASAC again was 

explicit: “EPA has recognized the large body of data and risk analyses 

demonstrating that retention of the current standard would leave large 

numbers of individuals at risk for respiratory effects and/or other 

significant health consequences including asthma exacerbations, emergency 

room visits, hospital admissions and mortality” (Samet, 2010). 
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  Now, the current CASAC has echoed this consensus again. In their letter 

to EPA on June 14, 2014, they stated it simply: “The CASAC finds 

scientific justification that current evidence and the results of the 

exposure and risk assessment call into question the adequacy of the 

current standard” (Frey, 2014). 

 We share the conclusion repeatedly presented to EPA by the CASAC: EPA 

cannot justify retention of the current standard based on the health 

evidence. Multiple CASAC reviews have recommended a standard between 60 

and 70 ppb. Not only have the three separate CASAC committees, under three 

different Chairs, unanimously confirmed that the current ozone standard is 

not protective of public health, but each recommended that the standard 

should be set in the range of 60 to 70 ppb.  

In each of the three comment letters the CASAC wrote to EPA Administrator 

Stephen L. Johnson, the independent experts charged with advising EPA 

unanimously recommended selection of an 8-hour average ozone NAAQS within 

the range of 60 to 70 ppb (Henderson 2006; Henderson 2007; Henderson 

2008). During the reconsideration of the 2008 Ozone NAAQS, CASAC 

reaffirmed its support for the selection of an 8-hour average ozone NAAQS 

within the 60 – 70 ppb range (Samet, 2010). Again, that recommendation 

came based solely on the studies that had been available during the prior 

review, a period that closed in 2006.  

Now able to fully consider the additional studies available in the 2007 to 

2012 period, the most recent CASAC summarized extensive scientific 
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evidence in their recommendations to EPA for a range from 70 to 60 ppb: 

“The CASAC further concludes that there is adequate scientific evidence to 

recommend a range of levels for a revised primary ozone standard from 70 

ppb to 60 ppb. The CASAC reached this conclusion based on the scientific 

evidence from clinical studies, epidemiologic studies, and animal 

toxicology studies, as summarized in the Integrated Science Assessment 

(ISA), the findings from the exposure and risk assessments as summarized 

in the HREA, and the interpretation of the implications of these sources 

of information as given in the Second Draft PA” (Frey, 2014). However, the 

CASAC concluded that new evidence showed that even that range is too 

broad, noting that “based on the scientific evidence, a level of 70 ppb 

provides little margin of safety for the protection of public health 

particularly for sensitive subpopulations” (Frey, 2014). “At 70 ppb, there 

is substantial scientific evidence of adverse effects as detailed in the 

charge question responses, including decrease in lung function, increase 

in respiratory symptoms, and increase in airway inflammation. Although a 

level of 70 ppb is more protective of public health than the current 

standard, it may not meet the statutory requirement to protect public 

health with an adequate margin of safety” (Frey, 2014). CASAC concluded 

the evidence showed that a level of “60 ppb would certainly provide more 

public health protection than a standard of 65 or 70 ppb and would provide 

an adequate margin of safety” (Frey, 2014). The significantly stronger 

scientific and medical evidence available in this current review led CASAC 
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to provide even more explicit comments than during the 2008 review and the 

subsequent reconsideration process. Their explicit conclusion that 60 ppb 

meets the requirement to provide more protection and an adequate margin of 

safety raises questions about EPA’s decision to exclude 60 ppb from the 

proposal. Our organizations offer evidence that demonstrates why 60 ppb 

should be adopted as the level of the health-based standard. The evidence 

for a standard of 60 ppb has grown. The scientific and medical 

understanding of the mechanisms by which exposure to ambient ozone 

pollution harms human health has grown considerably stronger since 2007. 

The EPA evaluated 1,000 new studies in the current review, studies that 

have been published since the completion of the 2006 Criteria Document. 

These studies inform our understanding of the health impacts of ozone at 

low concentrations. Multiple chamber studies provide robust evidence of 

harm to healthy adults down to 60 ppb. Adding to previous research by 

Adams (2002) and Adams (2006), both Brown et al (2008) and Kim et al 

(2011) provide still more evidence that exposures down to 60 ppb can 

reduce lung function and cause inflammation that meets the American 

Thoracic Society’s criteria for judging adversity. The subjects in these 

chamber studies were healthy young adults -- not children, the elderly, or 

people with asthma who are more susceptible to ozone. The chamber studies 

establish solid evidence that concentrations above 60 ppb would provide 

significant risk not only to many healthy adults, but most critically, to 

susceptible populations, including children, seniors and people with 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

198 

 

asthma and other chronic lung diseases. Epidemiological studies provide 

real-world evidence for the need for 60 ppb. The analysis presented in the 

Policy Assessment digs deeper into six epidemiological studies in the U.S. 

and Canada and provides further real-world evidence that a standard of 

either 70 ppb or 65 ppb fails to provide adequate protection. These 

studies (Bell et al., 2006; Cakmak et al., 2006b; Dales et al., 2006; 

Katsouyanni et al., 2009, Mar and Koenig, 2009; Stieb et al, 2009) 

examined the positive and statistically significant associations from the 

most serious health threat—premature death—as well as from hospital 

admissions and emergency department visits. In most locations where 

increased risk was found, the ozone levels would have met the weaker 

standards of either 70 or 65 ppb, but would have failed to meet a standard 

set at 60 ppb. (Policy Assessment, pp. 4-13 to 4-15). A standard of 60 ppb 

would result in a far greater reduction in premature morbidity and 

mortality. The EPA’s estimates show that compared to meeting a standard of 

65 ppb or 70 ppb, meeting a standard of 60 ppb would prevent many more 

premature deaths and hospital admissions, asthma attacks and days missed 

at work and school. Looking just at the parts of the nation expected to 

meet a standard of 60 ppb by 2025 (not including California), EPA provides 

a table of these estimates based on established modeling projections. 

Nationwide Benefits of Attaining Standard in 2025 Throughout the United 

States (except California) Measure 60 ppb 65 ppb 70 ppb Premature Deaths 

Avoided in 2025 7,900 4,300 1,440 Asthma Attacks Avoided in Children in 
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2025 1,800,000 960,000 320,000 Respiratory Hospital Admissions Avoided in 

2025 2,900 1,500 510 Asthma Emergency Department Visits Avoided in 2025 

4,100 2,300 1,400 Missed School Days Avoided in 2025 1,900,000 1,000,000 

330,000 Taken from Table ES -11 of the U.S. EPA, Regulatory Impact 

Analysis of the Proposed Revision to the National Ambient Air Quality 

Standards for Ground-level Ozone, November 2014. EPA -452/P-14-006.  

Estimates based on modeling and assumptions explained in detail in the 

document. California was excluded because it is not expected to meet these 

standards in 2025. In 2025, the reduction in premature deaths expected 

with a standard of 60 ppb is projected to be nearly double that of a 

standard set at 65 ppb and more than five times the benefit of a standard 

set at 70 ppb. Growing evidence expands health effects of ozone exposure. 

Your decision must be founded in the strongest requirement of the Clean 

Air Act: that the NAAQS not only protect public health, but include an 

adequate margin of safety. In both the prior review ending in 2008 and in 

the 2010 reconsideration, our organizations recommended strongly that the 

primary 8-hour standard should be 60 ppb based on the available evidence. 

In addition to the strong evidence of increased morbidity from ozone down 

to 60 ppb, multiple well-reviewed studies had identified a new, strong 

association with premature death, with no discernable threshold, that made 

the risks to the large, vulnerable groups even graver. Even during the 

prior reviews, the evidence demonstrated that standards between 65 and 70 

ppb would not be effective in protecting public health with an adequate 
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margin of safety. Since the 2008 standard, new research has added weight 

to the evidence showing the extensive impact of ozone. Research not only 

confirms the previous conclusions about ozone’s impact on human health, 

but adds to and clarifies the impact on multiple physiologic systems, 

including respiratory and cardiovascular. Examination of long-term 

exposure has identified outcomes beyond the traditional concerns to 

include the central nervous system and reproductive and developmental 

effects. The growing evidence of effects associated with breathing ozone 

for longer periods adds to the urgency to set the most protective standard 

now to reduce those exposures. Comments to Docket ID NO. EPA-HQ-OAR-2008-

069 6 Respiratory Health Effects, including Premature Mortality The 

largest body of research documents the impact of ozone on respiratory 

symptoms, lung function changes, emergency department visits for 

respiratory disease, and hospital admissions. Since the previous review 

large studies examining exposures in multiple cities and continents have 

shown the consistent and pervasive threats to respiratory health. New 

studies confirm the impact on children with asthma. Multiple studies 

demonstrated increased pulmonary inflammation (Berhane et al., 2011; 

Khatri et al., 2009; Barraza-Villerreal et al, 2008), and increased risk 

of hospital admissions (Silverman and Ito, 2010; Strickland et al., 2010). 

Several large studies looking at single cities and multiple cities confirm 

that breathing ozone increases the risk of hospital admission and 

emergency department visits for respiratory conditions (Katsouyanni et al, 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

201 

 

2009; Lin et al., 2008a; Wong et al., 2009; Darrow et al., 2011); Stieb et 

al., 2009). Multiple- and single-city studies showed increased risk of 

respiratory hospital admissions and emergency department visits in cities 

that met the current ozone standard of 75 ppb (Cakmak et al., 2006; Dales 

et al., 2006; Katsouyanni et al., 2009; Stieb et al., 2009) or where most 

cities would have met standards set at either 65ppb or 70 ppb (Cakmak et 

al., 2006; Katsouyanni et al., 2009; Stieb et al. 2009). The American 

Thoracic Society summarized some of the new studies in the attached 

editorial in the American Journal of Respiratory and Critical Care 

Medicine advocating EPA adoption of a standard of 60 ppb (Rice, et al., 

2015). 8-hour “Highlights of this new body of evidence include a study of 

emergency department visits among children aged 0 to 4 in Atlanta, which 

found that each 30 ppb increase in the 3-day average of ozone was 

associated with an 8% higher risk of pneumonia and a 4% higher risk for 

upper respiratory infection(5)[Darrow et al 2014]. Several studies have 

demonstrated dose-response relationships between ozone exposure and 

childhood asthma admissions at exposure levels in the 60 to 80 ppb range 

(6–9)[Strickland et al 2014, Strickland et al 2010, Gleason et al 2014, 

Silverman et al 2010]. Similar associations have been found for adult 

admissions for asthma(9– 11) [Silverman and Ito 2010, Glad et al 2012, Meg 

et al 2010] and COPD(12, 13)[Ko and Hui 2012, Media-Ramon et al 20076]. A 

population-based cohort study of generally healthy adults found that FEV1 

was 56 mL lower after days when ambient ozone ranged from 59 to 75 ppb 
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compared to days with levels under 59 ppb(14) [Rice et al 2013]. 

Controlled human exposure studies have re-affirmed lung function 

decrements in healthy adults after exposure to 60 to 70 ppb of ozone 

(15,16) [Schelegle et al 2009, Kim et al 2011]. Perhaps of greatest 

concern, there is now stronger evidence of increased mortality in 

association with ozone (17–19)[Peng et al 2013, Romieu et al 

2012,Zanobetti and Schwartz 2008], particularly among the elderly and 

those with chronic disease(20, 21)[Medina-Ramon and Schwartz 2008, 

Zanobetti and Schwartz 2011]”. Cardiovascular Health Effects, including 

Premature Mortality Evidence is accumulating about the cardiovascular 

effects of ozone, with the strongest evidence for increased risk of 

premature death. Previous studies have shown adverse associations between 

ozone exposure and various cardiovascular health endpoints, including 

alterations in heart rate variability in older adults (Park et al., 2005), 

cardiac arrhythmias (Rich et al., 2006), strokes, (Henrotin et al., 2007) 

Comments to Docket ID NO. EPA-HQ-OAR-2008-069 7 heart attacks (Ruidavets 

et al., 2005), and hospital admissions or cardiovascular diseases (Koken 

et al., 2003). Newer large epidemiologic studies from the U.S. (Zanobetti 

and Schwartz, 2008b), Europe (Samoli et al., 2009) and Asia (Wong et al 

2010) have provided evidence of premature death from cardiovascular 

effects, including two large studies that confirmed the effect after 

controlling for particulate matter exposure (Katsouyanni et al 2009; 

Stafoggia, 2010). Reproduction and Development Effects A growing body of 
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research raises concerns about longer-term exposure to ozone, particularly 

during pregnancy. Some toxicological studies warn that ozone may affect 

development of the pulmonary system and central nervous system. Several 

large studies in California and Australia point to association of prenatal 

ozone exposure with low birth weight and impaired fetal growth (Salem et 

al., 2005; Morello-Frosch, et al. 2010; Hansen et al 2007, Hansen et al 

2008;Mannes et al 2005). Low birth weight is linked to increased risk of 

chronic disease as adults (Rogers et al., 2012; Berends et al., 2012). 

Central Nervous System Effects Increased research since the last review 

has expanded evidence of the potential effects on the central nervous 

system. Toxicological studies provide evidence that short- or long-term 

exposure to ozone may affect cognitive abilities, such as memory (Rivas-

Arancibia et al., 1998), and may produce changes similar to those seen in 

human neurodegenerative disorders (Rivas-Arancibia et al., 2010; 

SantiagoLópez et al., 2010; Guevara-Guzman et al., 2009). The only human 

epidemiological study found an association for long-term ozone exposure 

with reduced performance on specific tests (Chen and Schwartz 2009). While 

more research is clearly needed, these studies provide added weight for 

selecting the most protective level. Mortality Effects Breathing ozone can 

kill. Short-term increases in ozone were found to increase deaths from 

cardiovascular and respiratory causes in a large 14-year study in 95 U.S. 

cities. The relationship between mortality and ozone was evident even on 

days when pollution levels above 60 ppb were excluded from the analysis. 
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(Bell, et al., 2004). A series of meta-analyses and multi-city studies has 

documented an increase in premature death following ozone exposures below 

75 ppb, particularly among the elderly (Bell, et al., 2005; Levy et al., 

2005; Ito et al., 2005). Furthermore, research has focused on controlling 

for weather variables in assessing the effect of ozone on mortality. A 

case crossover study (Schwartz, 2005) of more than one million deaths in 

14 U.S. cities found that “the association between ozone and mortality 

risk is unlikely to be confounded by temperature.” Multiple new studies 

have confirmed that ozone causes premature deaths (Zanobetti and Schwartz, 

2008b; Samoli et al., 2009; Wong et al 2010) and provided evidence that 

these deaths occur even after controlling for other pollutants, including 

particulate matter (Stafoggia, 2010; Katsouyanni et al., 2009). Of special 

concern the risk of premature death from ozone showed up more frequently 

in communities with higher unemployment or that had a higher percentage of 

Black/African-American population, as well as in individuals who were 

Black/African-American or who had lower socioeconomic status. (Median-

Ramón and Schwartz, 2008). EPA needs to ensure the strongest, most 

protective standards are in place to prevent this deadly pollutant from 

threatening the lives of thousands of Americans. Comments to Docket ID NO. 

EPA-HQ-OAR-2008-069 8 Millions of Americans face greater risk from 

breathing ozone pollution Research has shown that many groups face greater 

risk from breathing ozone pollution or are more vulnerable to the harm 

because of their activities or residence. Their greater risk may come from 
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age, preexisting diseases or genetics, as well as income. Greater 

vulnerability may stem from outdoor occupations or activities or from 

living in areas with higher ozone exposures. Children and adolescents 

Children are acutely vulnerable to the hazardous effects of air 

pollution(AAP, 2004). Relative to adults, children tend to spend more time 

out of doors, they are often more physically active, they breathe more 

rapidly, their airways are narrower and they inhale relatively more 

pollutants in proportion to their body weight (AAP, 2003). Additionally, 

lung growth continues long after birth, with as much as 80 percent of the 

alveoli developing during childhood and adolescence (Diertert et al., 

2000). Epidemiologic evidence indicates that children face additional 

health risks beyond the adverse effects observed in the general 

population. Children experience acute effects such as difficulty breathing 

(Triche et al., 2006), increased hospitalizations (Burnett et al., 2001), 

and emergency room visits (Tolbert et al., 2000) from ozone exposure at 

concentrations below the current standard and may suffer long-lasting 

effects such as stunted lung function in young adulthood (Tager et al., 

2005). A national standard of 60 ppb would reduce children’s exposures of 

concern from ozone by 95 to 100 percent. A standard of 60 ppb would 

provide critical protection for children from the dangers from ozone 

compared to the current standard, according to EPA’s Risk and Exposure 

Assessment. The strength of that protection draws a stark comparison to 

the far weaker options of 65 ppb to 70 ppb. By contrast, a standard of 70 
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ppb would reduce such exposures by only 15 to 35 percent, while a standard 

of 65 would reduce such exposures by 30 to 65 percent (EPA, Risk and 

Exposure Analysis, 2014). Older Adults Multiple factors place older adults 

at greater risk from ozone and other air pollutants, including greater 

time spent outdoors after age 65, the gradual decline in the functioning 

of the body’s systems that accompany aging and an increase in the 

responsiveness to ozone (EPA, ISA 2013). Recent studies also added to the 

existing evidence that older adults face greater risk of premature death 

from ozone (Medina-Ramón and Schwartz 2008; Zanobetti and Schwartz, 2008a; 

Cakmak et al 2011). Chronic Disease Individuals with preexisting lung 

disease face substantial risks. People with asthma, particularly children 

but also adults, have shown exacerbated respiratory symptoms in multi-city 

studies (Mortimer et al., 2002, Romieu et al., 1996 and 1997; O’Connor et 

al., 2008). Studies have tracked increases in hospitalization among adults 

suffering from chronic obstructive pulmonary disease (Peel et al., 2007; 

Median-Ramón, et al., 2006). Newer research, in a large, multi-continent 

study, also shows increased risk of premature death from cardiovascular 

disease triggered by ozone pollution (Katsouyanni et al., 2009). Comments 

to Docket ID NO. EPA-HQ-OAR-2008-069 9 Outdoor workers and exercisers 

Outdoor workers as well as active adults who exercise outdoors (Brauer et 

al., 1996; Korrick et al., 1998) are particularly vulnerable to ozone 

exposure due to greater exposure because of time spent outdoors and 

activity levels. A recent study of lifeguards in Galveston, Texas, 
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provided evidence of the impact of even short-term exposure to ozone on 

healthy, active adults. Testing the breathing capacity of these outdoor 

workers several times a day, researchers found that many lifeguards 

suffered increased obstruction in their airways when ozone levels were 

higher (Thaller et al., 2008). Socioeconomic Status Several large studies 

have identified that individuals who have low socioeconomic status or who 

live in communities with low socioeconomic status face higher risk of 

hospital admissions and emergency department visits associated with ozone 

pollution (Lin et al., 2008; Cakmak et al., 2006b; Burra et al., 2009). As 

noted earlier, additional studies have identified people who live in 

communities with high unemployment or other markers of low socioeconomic 

status as having greater risk of premature death from ozone pollution 

(Bell and Dominici , 2008; Katsouyanni et al., 2009). Meeting a standard 

of 60 ppb would provide greater protection to groups already facing 

substantial challenges. We call on EPA to adopt a standard of 60 ppb The 

Clean Air Act requires that the EPA set the standard based on the need to 

protect public health “with an adequate margin of safety.” In 2001, the 

Supreme Court unanimously ruled that protecting health was the only legal 

basis for the standard. The existing standard fails to protect public 

health with a margin of safety. EPA must strengthen it. Given the weight 

of evidence, we urge you to set the eight-hour ozone standard at 60 ppb to 

protect against known and anticipated adverse health effects and to 

provide a margin of safety as required by the Clean Air Act.  
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Sincerely,  

American Academy of Pediatrics  

American College of Preventive Medicine  

American Heart Association  

American Lung Association  

American Medical Association  

American Public Health Association  

American Thoracic Society  

Asthma and Allergy Foundation of America 

 Children's Environmental Health Network  

Health Care Without Harm  

National Association of County and City Health Officials  

National Association for Medical Direction of Respiratory Care 

 Trust for America’s Health.” 

  



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

209 

 

 

References 

 

 

1. World Health Organization. The world health report 2002 - Reducing risks, promoting healthy life. 

2002. 

2. World Health Organization. WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide 

and sulfur dioxide. Geneva, Switzerland: World Health Organization; 2006. 

3. Organization WH. WHO challenges world to improve air quality. 2006. 

4. Committee CASA. Letter to Administrator of EPA. 2006;EPA-CASAC-LTR-06-002. 

5. Committee CASA. Letter to Administrator of EPA. 2006;EPA-CASAC-LTR-06-003. 

6. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, Amann M, Anderson HR, 

Andrews KG, Aryee M, Atkinson C, Bacchus LJ, Bahalim AN, Balakrishnan K, Balmes J, Barker-Collo S, 

Baxter A, Bell ML, Blore JD, Blyth F, Bonner C, Borges G, Bourne R, Boussinesq M, Brauer M, Brooks P, 

Bruce NG, Brunekreef B, Bryan-Hancock C, Bucello C, Buchbinder R, Bull F, Burnett RT, Byers TE, Calabria 

B, Carapetis J, Carnahan E, Chafe Z, Charlson F, Chen H, Chen JS, Cheng AT, Child JC, Cohen A, Colson KE, 

Cowie BC, Darby S, Darling S, Davis A, Degenhardt L, Dentener F, Des Jarlais DC, Devries K, Dherani M, 

Ding EL, Dorsey ER, Driscoll T, Edmond K, Ali SE, Engell RE, Erwin PJ, Fahimi S, Falder G, Farzadfar F, 

Ferrari A, Finucane MM, Flaxman S, Fowkes FG, Freedman G, Freeman MK, Gakidou E, Ghosh S, 

Giovannucci E, Gmel G, Graham K, Grainger R, Grant B, Gunnell D, Gutierrez HR, Hall W, Hoek HW, Hogan 

A, Hosgood HD, 3rd, Hoy D, Hu H, Hubbell BJ, Hutchings SJ, Ibeanusi SE, Jacklyn GL, Jasrasaria R, Jonas 

JB, Kan H, Kanis JA, Kassebaum N, Kawakami N, Khang YH, Khatibzadeh S, Khoo JP, Kok C, Laden F, 

Lalloo R, Lan Q, Lathlean T, Leasher JL, Leigh J, Li Y, Lin JK, Lipshultz SE, London S, Lozano R, Lu Y, Mak 

J, Malekzadeh R, Mallinger L, Marcenes W, March L, Marks R, Martin R, McGale P, McGrath J, Mehta S, 

Mensah GA, Merriman TR, Micha R, Michaud C, Mishra V, Mohd Hanafiah K, Mokdad AA, Morawska L, 

Mozaffarian D, Murphy T, Naghavi M, Neal B, Nelson PK, Nolla JM, Norman R, Olives C, Omer SB, Orchard 

J, Osborne R, Ostro B, Page A, Pandey KD, Parry CD, Passmore E, Patra J, Pearce N, Pelizzari PM, Petzold M, 

Phillips MR, Pope D, Pope CA, 3rd, Powles J, Rao M, Razavi H, Rehfuess EA, Rehm JT, Ritz B, Rivara FP, 

Roberts T, Robinson C, Rodriguez-Portales JA, Romieu I, Room R, Rosenfeld LC, Roy A, Rushton L, Salomon 

JA, Sampson U, Sanchez-Riera L, Sanman E, Sapkota A, Seedat S, Shi P, Shield K, Shivakoti R, Singh GM, 

Sleet DA, Smith E, Smith KR, Stapelberg NJ, Steenland K, Stockl H, Stovner LJ, Straif K, Straney L, Thurston 

GD, Tran JH, Van Dingenen R, van Donkelaar A, Veerman JL, Vijayakumar L, Weintraub R, Weissman MM, 

White RA, Whiteford H, Wiersma ST, Wilkinson JD, Williams HC, Williams W, Wilson N, Woolf AD, Yip P, 

Zielinski JM, Lopez AD, Murray CJ, Ezzati M, AlMazroa MA and Memish ZA. A comparative risk assessment 

of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: a 

systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012;380:2224-60. 

7. Brook RD, Rajogopalan S, Pope CA, Brook J, Bhatnagar A, Diez-Roux AV, Holguin F, Hong Y, 

Luepker RV, Mittleman MA, Peters A, Siscovick DS, Smith SC, Whitsel L and Kaufman JD. Particulate Matter 

Air Pollution and Cardiovascular Disease: An Update to the Scientific Statement From the American Heart 

Association. Circulation. 2010;121:2331–2378. 

8. U SE. Integrated Science Assessment for Particulate Matter. 2009;EPA/600/R-08/139F. 

9. EPA U. Letter to Administrator. 2010;EPA-CASAC-10-001   



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

210 

 

10. Loomis D and The carcinogenicity of outdoor air pollution 

The Lancet Oncology. 2015;14:1262 - 1263. 

11. CASAC. letter of 9/10/2010 to the Administrator of EPA. 2010;EPA-CASAC-10-015,. 

12. Council NR. Estimating the public health benefit of proposed air pollution regulations. Washington, 

DC: National Academy Press; 2002. 

13. Organization WH. Health Effects of Particulate Matter: Policy implications for countries in eastern 

Europe, Caucasus and central Asia. 2013. 

14. Collaborators GBDRF, Forouzanfar MH, Alexander L, Anderson HR, Bachman VF, Biryukov S, Brauer 

M, Burnett R, Casey D, Coates MM, Cohen A, Delwiche K, Estep K, Frostad JJ, Kc A, Kyu HH, Moradi-Lakeh 

M, Ng M, Slepak EL, Thomas BA, Wagner J, Aasvang GM, Abbafati C, Ozgoren AA, Abd-Allah F, Abera SF, 

Aboyans V, Abraham B, Abraham JP, Abubakar I, Abu-Rmeileh NM, Aburto TC, Achoki T, Adelekan A, 

Adofo K, Adou AK, Adsuar JC, Afshin A, Agardh EE, Al Khabouri MJ, Al Lami FH, Alam SS, Alasfoor D, 

Albittar MI, Alegretti MA, Aleman AV, Alemu ZA, Alfonso-Cristancho R, Alhabib S, Ali R, Ali MK, Alla F, 

Allebeck P, Allen PJ, Alsharif U, Alvarez E, Alvis-Guzman N, Amankwaa AA, Amare AT, Ameh EA, Ameli 

O, Amini H, Ammar W, Anderson BO, Antonio CA, Anwari P, Cunningham SA, Arnlov J, Arsenijevic VS, 

Artaman A, Asghar RJ, Assadi R, Atkins LS, Atkinson C, Avila MA, Awuah B, Badawi A, Bahit MC, 

Bakfalouni T, Balakrishnan K, Balalla S, Balu RK, Banerjee A, Barber RM, Barker-Collo SL, Barquera S, 

Barregard L, Barrero LH, Barrientos-Gutierrez T, Basto-Abreu AC, Basu A, Basu S, Basulaiman MO, 

Ruvalcaba CB, Beardsley J, Bedi N, Bekele T, Bell ML, Benjet C, Bennett DA, Benzian H, Bernabe E, Beyene 

TJ, Bhala N, Bhalla A, Bhutta ZA, Bikbov B, Abdulhak AA, Blore JD, Blyth FM, Bohensky MA, Basara BB, 

Borges G, Bornstein NM, Bose D, Boufous S, Bourne RR, Brainin M, Brazinova A, Breitborde NJ, Brenner H, 

Briggs AD, Broday DM, Brooks PM, Bruce NG, Brugha TS, Brunekreef B, Buchbinder R, Bui LN, Bukhman 

G, Bulloch AG, Burch M, Burney PG, Campos-Nonato IR, Campuzano JC, Cantoral AJ, Caravanos J, Cardenas 

R, Cardis E, Carpenter DO, Caso V, Castaneda-Orjuela CA, Castro RE, Catala-Lopez F, Cavalleri F, Cavlin A, 

Chadha VK, Chang JC, Charlson FJ, Chen H, Chen W, Chen Z, Chiang PP, Chimed-Ochir O, Chowdhury R, 

Christophi CA, Chuang TW, Chugh SS, Cirillo M, Classen TK, Colistro V, Colomar M, Colquhoun SM, 

Contreras AG, Cooper C, Cooperrider K, Cooper LT, Coresh J, Courville KJ, Criqui MH, Cuevas-Nasu L, 

Damsere-Derry J, Danawi H, Dandona L, Dandona R, Dargan PI, Davis A, Davitoiu DV, Dayama A, de Castro 

EF, De la Cruz-Gongora V, De Leo D, de Lima G, Degenhardt L, Del Pozo-Cruz B, Dellavalle RP, Deribe K, 

Derrett S, Jarlais DC, Dessalegn M, deVeber GA, Devries KM, Dharmaratne SD, Dherani MK, Dicker D, Ding 

EL, Dokova K, Dorsey ER, Driscoll TR, Duan L, Durrani AM, Ebel BE, Ellenbogen RG, Elshrek YM, Endres 

M, Ermakov SP, Erskine HE, Eshrati B, Esteghamati A, Fahimi S, Faraon EJ, Farzadfar F, Fay DF, Feigin VL, 

Feigl AB, Fereshtehnejad SM, Ferrari AJ, Ferri CP, Flaxman AD, Fleming TD, Foigt N, Foreman KJ, Paleo 

UF, Franklin RC, Gabbe B, Gaffikin L, Gakidou E, Gamkrelidze A, Gankpe FG, Gansevoort RT, Garcia-

Guerra FA, Gasana E, Geleijnse JM, Gessner BD, Gething P, Gibney KB, Gillum RF, Ginawi IA, Giroud M, 

Giussani G, Goenka S, Goginashvili K, Dantes HG, Gona P, de Cosio TG, Gonzalez-Castell D, Gotay CC, Goto 

A, Gouda HN, Guerrant RL, Gugnani HC, Guillemin F, Gunnell D, Gupta R, Gupta R, Gutierrez RA, Hafezi-

Nejad N, Hagan H, Hagstromer M, Halasa YA, Hamadeh RR, Hammami M, Hankey GJ, Hao Y, Harb HL, 

Haregu TN, Haro JM, Havmoeller R, Hay SI, Hedayati MT, Heredia-Pi IB, Hernandez L, Heuton KR, 

Heydarpour P, Hijar M, Hoek HW, Hoffman HJ, Hornberger JC, Hosgood HD, Hoy DG, Hsairi M, Hu G, Hu 

H, Huang C, Huang JJ, Hubbell BJ, Huiart L, Husseini A, Iannarone ML, Iburg KM, Idrisov BT, Ikeda N, Innos 

K, Inoue M, Islami F, Ismayilova S, Jacobsen KH, Jansen HA, Jarvis DL, Jassal SK, Jauregui A, Jayaraman S, 

Jeemon P, Jensen PN, Jha V, Jiang F, Jiang G, Jiang Y, Jonas JB, Juel K, Kan H, Roseline SS, Karam NE, 

Karch A, Karema CK, Karthikeyan G, Kaul A, Kawakami N, Kazi DS, Kemp AH, Kengne AP, Keren A, 

Khader YS, Khalifa SE, Khan EA, Khang YH, Khatibzadeh S, Khonelidze I, Kieling C, Kim D, Kim S, Kim Y, 

Kimokoti RW, Kinfu Y, Kinge JM, Kissela BM, Kivipelto M, Knibbs LD, Knudsen AK, Kokubo Y, Kose MR, 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

211 

 

Kosen S, Kraemer A, Kravchenko M, Krishnaswami S, Kromhout H, Ku T, Defo BK, Bicer BK, Kuipers EJ, 

Kulkarni C, Kulkarni VS, Kumar GA, Kwan GF, Lai T, Balaji AL, Lalloo R, Lallukka T, Lam H, Lan Q, 

Lansingh VC, Larson HJ, Larsson A, Laryea DO, Lavados PM, Lawrynowicz AE, Leasher JL, Lee JT, Leigh J, 

Leung R, Levi M, Li Y, Li Y, Liang J, Liang X, Lim SS, Lindsay MP, Lipshultz SE, Liu S, Liu Y, Lloyd BK, 

Logroscino G, London SJ, Lopez N, Lortet-Tieulent J, Lotufo PA, Lozano R, Lunevicius R, Ma J, Ma S, 

Machado VM, MacIntyre MF, Magis-Rodriguez C, Mahdi AA, Majdan M, Malekzadeh R, Mangalam S, 

Mapoma CC, Marape M, Marcenes W, Margolis DJ, Margono C, Marks GB, Martin RV, Marzan MB, Mashal 

MT, Masiye F, Mason-Jones AJ, Matsushita K, Matzopoulos R, Mayosi BM, Mazorodze TT, McKay AC, 

McKee M, McLain A, Meaney PA, Medina C, Mehndiratta MM, Mejia-Rodriguez F, Mekonnen W, Melaku 

YA, Meltzer M, Memish ZA, Mendoza W, Mensah GA, Meretoja A, Mhimbira FA, Micha R, Miller TR, Mills 

EJ, Misganaw A, Mishra S, Ibrahim NM, Mohammad KA, Mokdad AH, Mola GL, Monasta L, Hernandez JC, 

Montico M, Moore AR, Morawska L, Mori R, Moschandreas J, Moturi WN, Mozaffarian D, Mueller UO, 

Mukaigawara M, Mullany EC, Murthy KS, Naghavi M, Nahas Z, Naheed A, Naidoo KS, Naldi L, Nand D, 

Nangia V, Narayan KV, Nash D, Neal B, Nejjari C, Neupane SP, Newton CR, Ngalesoni FN, de Dieu 

Ngirabega J, Nguyen G, Nguyen NT, Nieuwenhuijsen MJ, Nisar MI, Nogueira JR, Nolla JM, Nolte S, Norheim 

OF, Norman RE, Norrving B, Nyakarahuka L, Oh IH, Ohkubo T, Olusanya BO, Omer SB, Opio JN, Orozco R, 

Pagcatipunan RS, Jr., Pain AW, Pandian JD, Panelo CI, Papachristou C, Park EK, Parry CD, Caicedo AJ, 

Patten SB, Paul VK, Pavlin BI, Pearce N, Pedraza LS, Pedroza A, Stokic LP, Pekericli A, Pereira DM, Perez-

Padilla R, Perez-Ruiz F, Perico N, Perry SA, Pervaiz A, Pesudovs K, Peterson CB, Petzold M, Phillips MR, 

Phua HP, Plass D, Poenaru D, Polanczyk GV, Polinder S, Pond CD, Pope CA, Pope D, Popova S, Pourmalek F, 

Powles J, Prabhakaran D, Prasad NM, Qato DM, Quezada AD, Quistberg DA, Racape L, Rafay A, Rahimi K, 

Rahimi-Movaghar V, Rahman SU, Raju M, Rakovac I, Rana SM, Rao M, Razavi H, Reddy KS, Refaat AH, 

Rehm J, Remuzzi G, Ribeiro AL, Riccio PM, Richardson L, Riederer A, Robinson M, Roca A, Rodriguez A, 

Rojas-Rueda D, Romieu I, Ronfani L, Room R, Roy N, Ruhago GM, Rushton L, Sabin N, Sacco RL, Saha S, 

Sahathevan R, Sahraian MA, Salomon JA, Salvo D, Sampson UK, Sanabria JR, Sanchez LM, Sanchez-

Pimienta TG, Sanchez-Riera L, Sandar L, Santos IS, Sapkota A, Satpathy M, Saunders JE, Sawhney M, Saylan 

MI, Scarborough P, Schmidt JC, Schneider IJ, Schottker B, Schwebel DC, Scott JG, Seedat S, Sepanlou SG, 

Serdar B, Servan-Mori EE, Shaddick G, Shahraz S, Levy TS, Shangguan S, She J, Sheikhbahaei S, Shibuya K, 

Shin HH, Shinohara Y, Shiri R, Shishani K, Shiue I, Sigfusdottir ID, Silberberg DH, Simard EP, Sindi S, Singh 

A, Singh GM, Singh JA, Skirbekk V, Sliwa K, Soljak M, Soneji S, Soreide K, Soshnikov S, Sposato LA, 

Sreeramareddy CT, Stapelberg NJ, Stathopoulou V, Steckling N, Stein DJ, Stein MB, Stephens N, Stockl H, 

Straif K, Stroumpoulis K, Sturua L, Sunguya BF, Swaminathan S, Swaroop M, Sykes BL, Tabb KM, Takahashi 

K, Talongwa RT, Tandon N, Tanne D, Tanner M, Tavakkoli M, Te Ao BJ, Teixeira CM, Tellez Rojo MM, 

Terkawi AS, Texcalac-Sangrador JL, Thackway SV, Thomson B, Thorne-Lyman AL, Thrift AG, Thurston GD, 

Tillmann T, Tobollik M, Tonelli M, Topouzis F, Towbin JA, Toyoshima H, Traebert J, Tran BX, Trasande L, 

Trillini M, Trujillo U, Dimbuene ZT, Tsilimbaris M, Tuzcu EM, Uchendu US, Ukwaja KN, Uzun SB, van de 

Vijver S, Van Dingenen R, van Gool CH, van Os J, Varakin YY, Vasankari TJ, Vasconcelos AM, Vavilala MS, 

Veerman LJ, Velasquez-Melendez G, Venketasubramanian N, Vijayakumar L, Villalpando S, Violante FS, 

Vlassov VV, Vollset SE, Wagner GR, Waller SG, Wallin MT, Wan X, Wang H, Wang J, Wang L, Wang W, 

Wang Y, Warouw TS, Watts CH, Weichenthal S, Weiderpass E, Weintraub RG, Werdecker A, Wessells KR, 

Westerman R, Whiteford HA, Wilkinson JD, Williams HC, Williams TN, Woldeyohannes SM, Wolfe CD, 

Wong JQ, Woolf AD, Wright JL, Wurtz B, Xu G, Yan LL, Yang G, Yano Y, Ye P, Yenesew M, Yentur GK, 

Yip P, Yonemoto N, Yoon SJ, Younis MZ, Younoussi Z, Yu C, Zaki ME, Zhao Y, Zheng Y, Zhou M, Zhu J, 

Zhu S, Zou X, Zunt JR, Lopez AD, Vos T and Murray CJ. Global, regional, and national comparative risk 

assessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters of risks in 188 

countries, 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. 2015. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

212 

 

15. Landrigan PJ, Fuller R, Acosta NJR, Adeyi O, Arnold R, Basu N, Baldé AB, Bertollini R, Bose-O'Reilly 

S, Boufford JI, Breysse PN, Chiles T, Mahidol C, Coll-Seck AM, Cropper ML, Fobil J, Fuster V, Greenstone 

M, Haines A, Hanrahan D, Hunter D, Khare M, Krupnick A, Lanphear B, Lohani B, Martin K, Mathiasen KV, 

McTeer MA, Murray CJL, Ndahimananjara JD, Perera F, Potočnik J, Preker AS, Ramesh J, Rockström J, 

Salinas C, Samson LD, Sandilya K, Sly PD, Smith KR, Steiner A, Stewart RB, Suk WA, van Schayck OCP, 

Yadama GN, Yumkella K and Zhong M. The <em>Lancet</em> Commission on pollution and health. The 

Lancet. 

16. EPA U. Integrated Science Assessment for Ozone and Related Photochemical Oxidants. Washington, 

DC: Government Printing Office; 2013. 

17. Heroux ME, Anderson HR, Atkinson R, Brunekreef B, Cohen A, Forastiere F, Hurley F, Katsouyanni 

K, Krewski D, Krzyzanowski M, Kunzli N, Mills I, Querol X, Ostro B and Walton H. Quantifying the health 

impacts of ambient air pollutants: recommendations of a WHO/Europe project. Int J Public Health. 

2015;60:619-27. 

18. Lave LB and Seskin EP. Air pollution and human health. Science. 1970;169:723-33. 

19. Zeger SL, Thomas D, Dominici F, Samet JM, Schwartz J, Dockery D and Cohen A. Exposure 

measurement error in time-series studies of air pollution: concepts and consequences. Environ Health Perspect. 

2000;108:419-26. 

20. Dockery DW, Pope CA, 3rd, Xu X, Spengler JD, Ware JH, Fay ME, Ferris BG, Jr. and Speizer FE. An 

association between air pollution and mortality in six U.S. cities. N Engl J Med. 1993;329:1753-9. 

21. Jerrett M, Burnett RT, Ma R, Pope CA, 3rd, Krewski D, Newbold KB, Thurston G, Shi Y, Finkelstein 

N, Calle EE and Thun MJ. Spatial analysis of air pollution and mortality in Los Angeles. Epidemiology. 

2005;16:727-36. 

22. Miller KA, Siscovick DS, Sheppard L, Shepherd K, Sullivan JH, Anderson GL and Kaufman JD. Long-

term exposure to air pollution and incidence of cardiovascular events in women. N Engl J Med. 2007;356:447-

58. 

23. Puett RC, Hart JE, Yanosky JD, Paciorek C, Schwartz J, Suh H, Speizer FE and Laden F. Chronic fine 

and coarse particulate exposure, mortality, and coronary heart disease in the Nurses' Health Study. Environ 

Health Perspect. 2009;117:1697-701. 

24. Hart JE, Liao X, Hong B, Puett RC, Yanosky JD, Suh H, Kioumourtzoglou MA, Spiegelman D and 

Laden F. The association of long-term exposure to PM2.5 on all-cause mortality in the Nurses' Health Study 

and the impact of measurement-error correction. Environ Health. 2015;14:38. 

25. Hart JE, Spiegelman D, Beelen R, Hoek G, Brunekreef B, Schouten LJ and van den Brandt P. Long-

term ambient residential traffic–related exposures and measurement error–adjusted risk of incident lung cancer 

in the Netherlands Cohort Study on Diet and Cancer. Environ Health Perspect. 2015;123:860–866. 

26. Vodonos A, Abu Awad Y and Schwartz J. The Concentration-Response between Long-term PM2.5 

Exposure and Mortality; A meta-regression approach. Environ Res. 2018. 

27. Di Q, Wang Y, Zanobetti A, Wang Y, Koutrakis P, Choirat C, Dominici F and Schwartz JD. Air 

Pollution and Mortality in the Medicare Population. N Engl J Med. 2017;376:2513-2522. 

28. Krewski D, Jerrett M, Burnett RT, Ma R, Hughes E, Shi Y, Turner MC, Pope CA, 3rd, Thurston G, 

Calle EE, Thun MJ, Beckerman B, DeLuca P, Finkelstein N, Ito K, Moore DK, Newbold KB, Ramsay T, Ross 

Z, Shin H and Tempalski B. Extended follow-up and spatial analysis of the American Cancer Society study 

linking particulate air pollution and mortality. Res Rep Health Eff Inst. 2009:5-114; discussion 115-36. 

29. Brochu PJ, Yanosky JD, Paciorek CJ, Schwartz J, Chen JT, Herrick RF and Suh HH. Particulate air 

pollution and socioeconomic position in rural and urban areas of the Northeastern United States. Am J Public 

Health. 2011;101 Suppl 1:S224-30. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

213 

 

30. Lepeule J, Laden F, Dockery D and Schwartz J. Chronic exposure to fine particles and mortality: an 

extended follow-up of the Harvard Six Cities study from 1974 to 2009. Environ Health Perspect. 

2012;120:965-70. 

31. Laden F, Schwartz J, Speizer FE and Dockery DW. Reduction in fine particulate air pollution and 

mortality: Extended follow-up of the Harvard Six Cities study. Am J Respir Crit Care Med. 2006;173:667-72. 

32. Pope CA, 3rd, Schwartz J and Ransom MR. Daily mortality and PM10 pollution in Utah Valley. Arch 

Environ Health. 1992;47:211-7. 

33. Downs SH, Schindler C, Liu LJ, Keidel D, Bayer-Oglesby L, Brutsche MH, Gerbase MW, Keller R, 

Kunzli N, Leuenberger P, Probst-Hensch NM, Tschopp JM, Zellweger JP, Rochat T, Schwartz J and 

Ackermann-Liebrich U. Reduced exposure to PM10 and attenuated age-related decline in lung function. N Engl 

J Med. 2007;357:2338-47. 

34. Zanobetti A and Schwartz J. Particulate air pollution, progression, and survival after myocardial 

infarction. Environmental health perspectives. 2007;115:769-75. 

35. Zanobetti A, Bind MA and Schwartz J. Particulate air pollution and survival in a COPD cohort. Environ 

Health. 2008;7:48. 

36. Janke K PC, Henderson J. DO CURRENT LEVELS OF AIR POLLUTION KILL? THE IMPACT OF 

AIR POLLUTION ON POPULATION MORTALITY IN ENGLAND. Health Economics. 2009. 

37. Kioumourtzoglou MA, Austin E, Koutrakis P, Dominici F, Schwartz J and Zanobetti A. PM2.5 and 

Survival Among Older Adults: Effect Modification by Particulate Composition. Epidemiology. 2015. 

38. Abu Awad Y, Di  Q, Wang Y, Choirat C, Coull B, Zanobetti A and Schwartz J. Change in PM2.5 

exposure and mortality among Medicare recipients. Environmental Epidemiology. 2019;3:e054. 

39. Yitshak-Sade M, Kloog I, Zanobetti A and Schwartz JD. Estimating the causal effect of annual PM2.5 

exposure on mortality rates in the Northeastern and mid-Atlantic states. Environmental Epidemiology. 

2019;Latest Articles. 

40. Renzi M, Forastiere F, Schwartz J, Davoli M, Michelozzi P and Stafoggia M. Long-Term PM10 

Exposure and Cause-Specific Mortality in the Latium Region (Italy): A Difference-in-Differences Approach. 

Environmental Health Perpectives. 2019;127:EHP3759. 

41. Wang Y, Lee M-H, Liu P, Shi L, Yu Z, Awad YA, Zanobetti A and Schwartz JD. Doubly Robust 

Additive Hazards Models to Estimate Effects of a Continuous Exposure on Survival. Epidemiology 

(Cambridge, Mass). 2017;28:771-779. 

42. Pope CA, 3rd, Rodermund DL and Gee MM. Mortality effects of a copper smelter strike and reduced 

ambient sulfate particulate matter air pollution. Environ Health Perspect. 2007;115:679-83. 

43. Wang Y, Kloog I, Coull BA, Kosheleva A, Zanobetti A and Schwartz JD. Estimating Causal Effects of 

Long-Term PM2.5 Exposure on Mortality in New Jersey. Environ Health Perspect. 2016;124:1182-8. 

44. Chen Y, Ebenstein A, Greenstone M and Li H. Evidence on the impact of sustained exposure to air 

pollution on life expectancy from China's Huai River policy. Proc Natl Acad Sci U S A. 2013;110:12936-41. 

45. Ebenstein A, Fan M, Greenstone M, He G and Zhou M. New evidence on the impact of sustained 

exposure to air pollution on life expectancy from China’s Huai River Policy. Proceedings of the National 

Academy of Sciences. 2017;114:10384-10389. 

46. Beelen R, Hoek G, Raaschou-Nielsen O, Stafoggia M, Andersen ZJ, Weinmayr G, Hoffmann B, Wolf 

K, Samoli E, Fischer PH, Nieuwenhuijsen MJ, Xun WW, Katsouyanni K, Dimakopoulou K, Marcon A, 

Vartiainen E, Lanki T, Yli-Tuomi T, Oftedal B, Schwarze PE, Nafstad P, De Faire U, Pedersen NL, Ostenson 

CG, Fratiglioni L, Penell J, Korek M, Pershagen G, Eriksen KT, Overvad K, Sorensen M, Eeftens M, Peeters 

PH, Meliefste K, Wang M, Bueno-de-Mesquita HB, Sugiri D, Kramer U, Heinrich J, de Hoogh K, Key T, 

Peters A, Hampel R, Concin H, Nagel G, Jaensch A, Ineichen A, Tsai MY, Schaffner E, Probst-Hensch NM, 

Schindler C, Ragettli MS, Vilier A, Clavel-Chapelon F, Declercq C, Ricceri F, Sacerdote C, Galassi C, Migliore 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

214 

 

E, Ranzi A, Cesaroni G, Badaloni C, Forastiere F, Katsoulis M, Trichopoulou A, Keuken M, Jedynska A, 

Kooter IM, Kukkonen J, Sokhi RS, Vineis P and Brunekreef B. Natural-cause mortality and long-term exposure 

to particle components: an analysis of 19 European cohorts within the multi-center ESCAPE project. Environ 

Health Perspect. 2015;123:525-33. 

47. Fischer P, Marra M, Ameling C, Hoek G, Beelen R, de Hoogh K, Breugelmans O, Kruize H, Janssen N 

and Houthuijs D. Air pollution and mortality in seven million adults: the Dutch Environmental Longitudinal 

Study (DUELS). Environ Health Perspect. 2015;123:697–704. 

48. Crouse D, Peters P, Hystad P, Brook J, van Donkelaar A, Martin R, Villeneuve P, Jerrett M, Goldberg 

M, Pope CI, Brauer M, Brook R, Robichaud A, Menard R and Burnett R. Ambient PM2.5, O3, and NO2 

exposures and associations with mortality over 16 years of follow-up in the Canadian Census Health and 

Environment Cohort (CanCHEC). . 2015;Environ Health Perspect 1180–1186. 

49. Turner MC, Jerrett M, Pope Iii CA, Krewski D, Gapstur SM, Diver WR, Beckerman BS, Marshall JD, 

Su J, Crouse DL and Burnett RT. Long-Term Ozone Exposure and Mortality in a Large Prospective Study. Am 

J Respir Crit Care Med. 2015. 

50. Carey I, Atkinson R, Kent A, van Staa T, Cook D and Anderson H. Mortality associations with long-

term exposure to outdoor air pollution in a national English cohort. Am J Respir Crit Care Med. 2013;187:1226-

1233. 

51. Schwartz JD, Wang Y, Kloog I, Yitshak-Sade M, Dominici F and Zanobetti A. Estimating the Effects of 

PM2.5 on Life Expectancy Using Causal Modeling Methods. Environ Health Perspect. 2018;126:127002. 

52. Office HMsS. Mortality and morbidity during the London Fog of December 1952., London. Report No 

95 on Public Health and Medical Subjects, Her Majesty's Public Health Service, London 1954. 1954. 

53. Zanobetti A, Schwartz J, Samoli E, Gryparis A, Touloumi G, Atkinson R, Le Tertre A, Bobros J, Celko 

M, Goren A, Forsberg B, Michelozzi P, Rabczenko D, Aranguez Ruiz E and Katsouyanni K. The temporal 

pattern of mortality responses to air pollution: a multicity assessment of mortality displacement. Epidemiology. 

2002;13:87-93. 

54. Anderson HR, Limb ES, Bland JM, Ponce de Leon A, Strachan DP and Bower JS. Health effects of an 

air pollution episode in London, December 1991. Thorax. 1995;50:1188-93. 

55. Schwartz J and Marcus A. Mortality and air pollution in London: a time series analysis. Am J Epidemiol. 

1990;131:185-94. 

56. Dockery DW, Schwartz J and Spengler JD. Air pollution and daily mortality: associations with 

particulates and acid aerosols. Environ Res. 1992;59:362-73. 

57. Schwartz J. Particulate air pollution and daily mortality: a synthesis. Public Health Rev. 1991;19:39-60. 

58. Fairley D. The relationship of daily mortality to suspended particulates in Santa Clara County, 1980-

1986. Environ Health Perspect. 1990;89:159-68. 

59. Dai L, Zanobetti A, Koutrakis P and Schwartz JD. Associations of fine particulate matter species with 

mortality in the United States: a multicity time-series analysis. Environ Health Perspect. 2014;122:837-42. 

60. Katsouyanni K, Samet JM, Anderson HR, Atkinson R, Le Tertre A, Medina S, Samoli E, Touloumi G, 

Burnett RT, Krewski D, Ramsay T, Dominici F, Peng RD, Schwartz J and Zanobetti A. Air pollution and 

health: a European and North American approach (APHENA). Res Rep Health Eff Inst. 2009:5-90. 

61. Zanobetti A and Schwartz J. The effect of fine and coarse particulate air pollution on mortality: a 

national analysis. Environ Health Perspect. 2009;117:898-903. 

62. Liu C, Chen R, Sera F, Vicedo-Cabrera AM, Guo Y, Tong S, Coelho M, Saldiva P, Lavigne E, Matus P, 

Valdes Ortega N, Osorio Garcia S, Pascal M, Stafoggia M, Scortichini M, Hashizume M, Honda Y, Hurtado-

Díaz M, Cruz J, Nunes B, Teixeira J, Kim H, Tobias A, Íñiguez C, Forsberg B, Åström C, Ragettli M, Guo Y-L, 

Chen B-Y, Bell ML, Wright CY, Scovronick N, Garland RM, Milojevic A, Kyselý J, Urban A, Orru H, 

Indermitte E, Jaakkola JJK, Ryti NRI, Katsouyanni K, Analitis A, Z. Z, Schwartz J, Chen J, Wu T, Cohen A, 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

215 

 

Gasparrini A and Han H. Ambient Particulate Air Pollution and Daily Mortality in 652 Cities. New Engl J Med. 

2019;381:705-15. 

63. Maclure M. The case-crossover design: a method for studying transient effects on the risk of acute 

events. Am J Epidemiol. 1991;133:144-53. 

64. Schwartz J, Zanobetti A and Bateson T. Morbidity and mortality among elderly residents in cities with 

daily PM measurements.  In Revised Analyses of the National Morbidity, Mortality, and Air Pollution Study, 

Part II. In: Revised Analyses of Time-Series Studies of Air Pollution and Health. 2003:25-58. 

65. Bateson T and Schwartz J. Control for seasonal variation and time trend in case-crossover studies of 

acute effects of environmental exposures. Epidemiology. 1999;54:596-605. 

66. Schwartz J. The effects of particulate air pollution on daily deaths: a multi-city case crossover analysis. 

Occup Environ Med. 2004;61:956-61. 

67. Schwartz J. Is the association of airborne particles with daily deaths confounded by gaseous air 

pollutants? An approach to control by matching. Environ Health Perspect. 2004;112:557-61. 

68. Di Q, Kloog I, Koutrakis P, Lyapustin A, Wang Y and Schwartz J. Assessing PM2.5 Exposures with 

High Spatiotemporal Resolution across the Continental United States. Environ Sci Technol. 2016;50:4712-21. 

69. Samet JM, Dominici F, Curriero FC, Coursac I and Zeger SL. Fine particulate air pollution and 

mortality in 20 U.S. cities, 1987-1994. N Engl J Med. 2000;343:1742-9. 

70. Schwartz J. Daily deaths are associated with combustion particles rather than SO(2) in Philadelphia. 

Occup Environ Med. 2000;57:692-7. 

71. Schwartz J and Coull B. Control for Confounding in the presence of measurement error in hierarchical 

models. Biostatistics. 2003;4:569-582. 

72. Schwartz J. Assessing confounding, effect modification, and thresholds in the association between 

ambient particles and daily deaths. Environ Health Perspect. 2000;108:563-8. 

73. Braga AL, Zanobetti A and Schwartz J. Do respiratory epidemics confound the association between air 

pollution and daily deaths? Eur Respir J. 2000;16:723-8. 

74. Sarnat JA, Schwartz J, Catalano P and Suh H. Gaseous air pollutants in particulate matter epidemiology: 

confounders or surrogates? Environ Health Perspect. 2001;109:1053-61. 

75. Sarnat JA, Brown KW, Schwartz J, Coull BA and Koutrakis P. Ambient gas concentrations and personal 

particulate matter exposures: implications for studying the health effects of particles. Epidemiology. 

2005;16:385-95. 

76. Basu R and Samet JM. An exposure assessment study of ambient heat exposure in an elderly population 

in Baltimore, Maryland. Environ Health Perspect. 2002;110:1219-24. 

77. Schwartz J, Austin E, Bind MA, Zanobetti A and Koutrakis P. Estimating Causal Associations of Fine 

Particles With Daily Deaths in Boston. Am J Epidemiol. 2015;182:644-50. 

78. Schwartz J, Bind MA and Koutrakis P. Estimating Causal Effects of Local Air Pollution on Daily 

Deaths: Effect of Low Levels. Environ Health Perspect. 2017;125:23-29. 

79. Schwartz J, Fong K and Zanobetti A. A National Multi-City Analysis of the Causal Effect of Local 

Pollution, NO2, and PM2.5 on Mortality. Environmental Health Perpectives. 2018;In press. 

80. Schwartz J. Harvesting and long term exposure effects in the relation between air pollution and 

mortality. Am J Epidemiol. 2000;151:440-8. 

81. Schwartz J. Is there harvesting in the association of airborne particles with daily deaths and hospital 

admissions? Epidemiology. 2001;12:55-61. 

82. Zeger SL, Dominici F and Samet J. Harvesting-resistant estimates of air pollution effects on mortality. 

Epidemiology. 1999;10:171-5. 

83. Zanobetti A, Schwartz J, Samoli E, Gryparis A, Touloumi G, Peacock J, Anderson RH, Le Tertre A, 

Bobros J, Celko M, Goren A, Forsberg B, Michelozzi P, Rabczenko D, Hoyos SP, Wichmann HE and 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

216 

 

Katsouyanni K. The temporal pattern of respiratory and heart disease mortality in response to air pollution. 

Environ Health Perspect. 2003;111:1188-93. 

84. Bobak M and Leon DA. Pregnancy outcomes and outdoor air pollution: an ecological study in districts 

of the Czech Republic 1986-8. Occup Environ Med. 1999;56:539-43. 

85. Bobak M and Leon DA. The effect of air pollution on infant mortality appears specific for respiratory 

causes in the postneonatal period. Epidemiology. 1999;10:666-70. 

86. Woodruff TJ, Grillo J and Schoendorf KC. The relationship between selected causes of postneonatal 

infant mortality and particulate air pollution in the United States. Environ Health Perspect. 1997;105:608-12. 

87. Woodruff TJ, Darrow LA and Parker JD. Air pollution and postneonatal infant mortality in the United 

States, 1999-2002. Environ Health Perspect. 2008;116:110-5. 

88. Woodruff TJ, Parker JD and Schoendorf KC. Fine particulate matter (PM2.5) air pollution and selected 

causes of postneonatal infant mortality in California. Environ Health Perspect. 2006;114:786-90. 

89. EPA US. Regulatory Impact Analysis (RIA) for the final Transport Rule: Regulatory Impact Analysis 

for the Federal Implementation Plans to Reduce Interstate Transport of Fine Particulate Matter and Ozone in 27 

States; Correction of SIP Approvals for 22 States. . 2011:192. 

90. Program UNE. Integrated Assessment of Black Carbon and Tropospheric Ozone: Summary for Decision 

Makers. Nairobi: United Nations; 2011. 

91. Shindell D, Kuylenstierna J, Vignati E, van Dingenen R, Amann M, Klimont Z, Anenberg S, Muller N, 

Janssens-Maenhout G, Raes F, Schwartz J, Faluvegi G, Pozzoli L, Kupiainen K, Höglund-Isaksson L, 

Emberson L, Streets D, Ramanathan V, Hicks K, Kim O, Milly G, Williams M, Demkine V and Fowler D. 

Simultaneously mitigating near-term climate change and improving human health and food security. Science. 

2012; in press. 

92. Agency USEP. Summary of Expert Opinions on the Existence of a Threshold in the Concentration-

Response Function for PM2.5-related Mortality: Technical Support Document. . 2010. 

93. Schwartz J, Coull B, Laden F and Ryan L. The Effect of Dose and Timing of Dose on the Association 

between Airborne Particles and Survival. . Environ Health Perspect. 2008;116:64–69. 

94. Pope CA, 3rd, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K and Thurston GD. Lung cancer, 

cardiopulmonary mortality, and long-term exposure to fine particulate air pollution. Jama. 2002;287:1132-41. 

95. Schwartz J and Zanobetti A. Using meta-smoothing to estimate dose-response trends across multiple 

studies, with application to air pollution and daily death. Epidemiology. 2000;11:666-72. 

96. Schwartz J, Laden F and Zanobetti A. The concentration-response relation between PM(2.5) and daily 

deaths. Environmental health perspectives. 2002;110:1025-9. 

97. Samoli E, Analitis A, Touloumi G, Schwartz J, Anderson HR, Sunyer J, Bisanti L, Zmirou D, Vonk JM, 

Pekkanen J, Goodman P, Paldy A, Schindler C and Katsouyanni K. Estimating the exposure-response 

relationships between particulate matter and mortality within the APHEA multicity project. Environ Health 

Perspect. 2005;113:88-95. 

98. Daniels MJ, Dominici F, Samet JM and Zeger SL. Estimating particulate matter-mortality dose-response 

curves and threshold levels: an analysis of daily time-series for the 20 largest US cities. Am J Epidemiol. 

2000;152:397-406. 

99. Ostro B. A search for a threshold in the relationship of air pollution to mortality: a reanalysis of data on 

London winters. Environ Health Perspect. 1984;58:397-9. 

100. Di  Q, Wang Y, Zanobetti A, Choirat C, Schwartz J and Dominici F. Association of Short-Term 

Exposure to Air Pollution with Mortality in Older Adults 

J American Medical Association. 2017;318:1-13. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

217 

 

101. Pinault L, Tjepkema M, Crouse DL, Weichenthal S, van Donkelaar A, Martin RV, Brauer M, Chen H 

and Burnett RT. Risk estimates of mortality attributed to low concentrations of ambient fine particulate matter 

in the Canadian community health survey cohort. Environmental Health. 2016;15:18. 

102. EPA U. Regulatory Impact Analysis for the Final Revisions to the National Ambient Air Quality 

Standards for Particulate Matter. 2012;EPA-452/R-12-005. 

103. OAQPS. Policy Assessment for the Review of the Particulate Matter National Ambient Air Quality 

Standards 2011;EPA 452/R-11-003. 

104. Committee SA. Letter to the Administrator. 2010. 

105. Fairley D. Daily mortality and air pollution in Santa Clara County, California: 1989-1996. Environ 

Health Perspect. 1999;107:637-41. 

106. Neas LM, Schwartz J and Dockery D. A case-crossover analysis of air pollution and mortality in 

Philadelphia. Environ Health Perspect. 1999;107:629-31. 

107. Kelsall JE, Samet JM, Zeger SL and Xu J. Air pollution and mortality in Philadelphia, 1974-1988. Am J 

Epidemiol. 1997;146:750-62. 

108. Schwartz J and Dockery DW. Increased mortality in Philadelphia associated with daily air pollution 

concentrations. Am Rev Respir Dis. 1992;145:600-4. 

109. Pereira LA, Loomis D, Conceicao GM, Braga AL, Arcas RM, Kishi HS, Singer JM, Bohm GM and 

Saldiva PH. Association between air pollution and intrauterine mortality in Sao Paulo, Brazil. Environ Health 

Perspect. 1998;106:325-9. 

110. Saldiva PH, Pope CA, 3rd, Schwartz J, Dockery DW, Lichtenfels AJ, Salge JM, Barone I and Bohm 

GM. Air pollution and mortality in elderly people: a time-series study in Sao Paulo, Brazil. Arch Environ 

Health. 1995;50:159-63. 

111. Tockman MS, Pearson JD, Fleg JL and al. E. Rapid Decline in FEV1: a new risk factor for coronary 

heart disease mortality. Am J Resp Crit Care Med. 1995;151:390-8. 

112. Neas LM and Schwartz J. Pulmonary function levels as predictors of mortality in a national sample of 

US adults. Am J Epidemiol. 1998;147:1011-8. 

113. Schwartz J. Lung function and chronic exposure to air pollution: a cross-sectional analysis of NHANES 

II. Environ Res. 1989;50:309-21. 

114. Islam T, Gauderman WJ, Berhane K, McConnell R, Avol E, Peters JM and Gilliland FD. The 

Relationship between Air Pollution, Lung Function and Asthma in Adolescents. Thorax. 2007. 

115. Gauderman WJ, Avol E, Gilliland F, Vora H, Thomas D, Berhane K, McConnell R, Kuenzli N, 

Lurmann F, Rappaport E, Margolis H, Bates D and Peters J. The effect of air pollution on lung development 

from 10 to 18 years of age. N Engl J Med. 2004;351:1057-67. 

116. Lubinski W, Frank-Piskorska A, Chcialowski A and Plusa T. [The effect of air pollution on pulmonary 

function in young men from different regions of Poland]. Pol Merkur Lekarski. 2004;16:128-32. 

117. Timonen KL, Pekkanen J, Tiittanen P and Salonen RO. Effects of air pollution on changes in lung 

function induced by exercise in children with chronic respiratory symptoms. Occup Environ Med. 2002;59:129-

34. 

118. Ackermann-Liebrich U, Leuenberger P, Schwartz J, Schindler C, Monn C, Bolognini G, Bongard JP, 

Brandli O, Domenighetti G, Elsasser S, Grize L, Karrer W, Keller R, Keller-Wossidlo H, Kunzli N, Martin BW, 

Medici TC, Perruchoud AP, Schoni MH, Tschopp JM, Villiger B, Wuthrich B, Zellweger JP and Zemp E. Lung 

function and long term exposure to air pollutants in Switzerland. Study on Air Pollution and Lung Diseases in 

Adults (SAPALDIA) Team. Am J Respir Crit Care Med. 1997;155:122-9. 

119. Lubinski W, Toczyska I, Chcialowski A and al. E. Influence of air pollution on pulmonary function in 

healthy young men from different regions of Poland. Abb Agric Environ Med. 2005;12:1-4. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

218 

 

120. Rojas-Martinez R, Perez-Padilla R, Olaiz-Fernandez G, Mendoza-Alvarado L, Moreno-Macias H, 

Fortoul T, McDonnell W, Loomis D and Romieu I. Lung function growth in children with long-term exposure 

to air pollutants in Mexico City. Am J Respir Crit Care Med. 2007;176:377-84. 

121. Avol EL, Gauderman WJ, Tan SM, London SJ and Peters JM. Respiratory effects of relocating to areas 

of differing air pollution levels. Am J Respir Crit Care Med. 2001;164:2067-72. 

122. Sugiri D, Ranft U, Schikowski T and Kramer U. The influence of large-scale airborne particle decline 

and traffic-related exposure on children's lung function. Environ Health Perspect. 2006;114:282-8. 

123. Lepeule J, Litonjua AA, Coull B, Koutrakis P, Sparrow D, Vokonas PS and Schwartz J. Long-term 

effects of traffic particles on lung function decline in the elderly. Am J Respir Crit Care Med. 2014;190:542-8. 

124. Mauad T, Rivero DH, de Oliveira RC, Lichtenfels AJ, Guimaraes ET, de Andre PA, Kasahara DI, 

Bueno HM and Saldiva PH. Chronic exposure to ambient levels of urban particles affects mouse lung 

development. Am J Respir Crit Care Med. 2008;178:721-8. 

125. Dockery DW, Speizer FE, Stram DO, Ware JH, Spengler JD and Ferris BG, Jr. Effects of inhalable 

particles on respiratory health of children. Am Rev Respir Dis. 1989;139:587-94. 

126. Braun-Fahrlander C, Vuille JC, Sennhauser FH, Neu U, Kunzle T, Grize L, Gassner M, Minder C, 

Schindler C, Varonier HS and Wuthrich B. Respiratory health and long-term exposure to air pollutants in Swiss 

schoolchildren. SCARPOL Team. Swiss Study on Childhood Allergy and Respiratory Symptoms with Respect 

to Air Pollution, Climate and Pollen. Am J Respir Crit Care Med. 1997;155:1042-9. 

127. McConnell R, Berhane K, Gilliland F, London SJ, Vora H, Avol E, Gauderman WJ, Margolis HG, 

Lurmann F, Thomas DC and Peters JM. Air pollution and bronchitic symptoms in Southern California children 

with asthma. Environmental health perspectives. 1999;107:757-60. 

128. Dockery DW, Cunningham J, Damokosh AI, Neas LM, Spengler JD, Koutrakis P, Ware JH, Raizenne 

M and Speizer FE. Health effects of acid aerosols on North American children: respiratory symptoms. Environ 

Health Perspect. 1996;104:500-5. 

129. Bayer-Oglesby L, Grize L, Gassner M, Takken-Sahli K, Sennhauser FH, Neu U, Schindler C and Braun-

Fahrlander C. Decline of ambient air pollution levels and improved respiratory health in Swiss children. 

Environ Health Perspect. 2005;113:1632-7. 

130. Schindler C, Keidel D, Gerbase MW, Zemp E, Bettschart R, Brandli O, Brutsche MH, Burdet L, Karrer 

W, Knopfli B, Pons M, Rapp R, Bayer-Oglesby L, Kunzli N, Schwartz J, Liu LJ, Ackermann-Liebrich U and 

Rochat T. Improvements in PM10 exposure and reduced rates of respiratory symptoms in a cohort of Swiss 

adults (SAPALDIA). Am J Respir Crit Care Med. 2009;179:579-87. 

131. Heinrich J, Hoelscher B, Frye C, Meyer I, Pitz M, Cyrys J, Wjst M, Neas L and Wichmann HE. 

Improved air quality in reunified Germany and decreases in respiratory symptoms. Epidemiology. 2002;13:394-

401. 

132. Giroux M, Bremont F, Ferrieres J and Dumas JC. Exhaled NO in asthmatic children in unpolluted and 

urban environments. Environ Int. 2001;27:335-40. 

133. Schwartz J. Particulate air pollution and chronic respiratory disease. Environ Res. 1993;62:7-13. 

134. Abbey DE, Ostro BE, Petersen F and Burchette RJ. Chronic respiratory symptoms associated with 

estimated long-term ambient concentrations of fine particulates less than 2.5 microns in aerodynamic diameter 

(PM2.5) and other air pollutants. J Expo Anal Environ Epidemiol. 1995;5:137-59. 

135. Avino P, De Lisio V, Grassi M, Lucchetra MC, Messina B, Monaco G, Petraccia L, Quartieri G, 

Rosentzwig R, Russo MV, Spada S and Valenzi VI. Influence of air pollution on chronic obstructive respiratory 

diseases: comparison between city (Rome) and hillcountry environments and climates. Ann Chim. 2004;94:629-

35. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

219 

 

136. Karakatsani A, Andreadaki S, Katsouyanni K, Dimitroulis I, Trichopoulos D, Benetou V and 

Trichopoulou A. Air pollution in relation to manifestations of chronic pulmonary disease: a nested case-control 

study in Athens, Greece. Eur J Epidemiol. 2003;18:45-53. 

137. Kloog I, Coull BA, Zanobetti A, Koutrakis P and Schwartz JD. Acute and chronic effects of particles on 

hospital admissions in New-England. PLoS One. 2012;7:e34664. 

138. Hartiala J, Breton CV, Tang WH, Lurmann F, Hazen SL, Gilliland FD and Allayee H. Ambient Air 

Pollution Is Associated With the Severity of Coronary Atherosclerosis and Incident Myocardial Infarction in 

Patients Undergoing Elective Cardiac Evaluation. Journal of the American Heart Association. 2016;5. 

139. Myers V, Broday D, Steinberg D, Yuval D and Y. G. Exposure to particulate air pollution and long-term 

incidence of 

frailty after myocardial infarction. . Ann Epidemiol. 2013;23:395–400. 

140. Gerber Y, Myers V, Broday DM, Steinberg DM, Yuva lKS and al. e. Frailty status modifies the 

association between air pollution and post-myocardial infarction mortality: a 20-year follow-up study. J Am 

Coll Cardiol. 2014;63:1698-99. 

141. Calderon-Garciduenas L, Reed W, Maronpot RR, Henriquez-Roldan C, Delgado-Chavez R, Calderon-

Garciduenas A, Dragustinovis I, Franco-Lira M, Aragon-Flores M, Solt AC, Altenburg M, Torres-Jardon R and 

Swenberg JA. Brain inflammation and Alzheimer's-like pathology in individuals exposed to severe air 

pollution. Toxicol Pathol. 2004;32:650-8. 

142. Guerra R, Vera-Aguilar E, Uribe-Ramirez M, Gookin G, Camacho J and Osornio-Vargas A. Exposure 

to inhaled particulate matter activates early markers of oxidative stress, 

inflammation and unfolded protein response in rat striatum. . Toxicol Lett. 2013;222:146–154. 

143. Fonken L, Xu X, Weil Z, Chen G, Sun Q, Rajagopalan S and Nelson R. Air pollution impairs cognition, 

provokes depressive-like behaviors and alters hippocampal cytokine expression and morphology. 

MOLECULAR PSYCHIATRY. 2011;16 987-995  

144. Campbell A, Oldham M, Becaria A, Bondy S, Meacher D and Sioutas C. Particulate matter in polluted 

air may increase biomarkers of inflammation in mouse brain. . Neurotoxicology and teratology. 2005;26:133–

140. 

145. Veronesi B, Makwana O, Pooler M and Chen L. Effects of subchronic exposure to concentrated ambient 

particles: VII. Degeneration of dopaminergic neurons in ApoE−/− mice. Inhal Toxicol. 2005:235-241. 

146. Kleinman M, Araujo J, Nel A, Sioutas C, Campbell A, Cong P and al e. Inhaled ultrafine particulate 

matter affects CNS inflammatory processes and may act via MAP kinase signaling pathways. Toxicol Lett. 

2008:127–130. 

147. Gerlofs-Nijland M, van Berlo D, Cassee F, Schins R, Wang K and Campbell A. Effect of prolonged 

exposure to Diesel engine exhaust on proinflammatory markers in different regions of the rat brain. Part Fibre 

Toxicol. 2010;7:12. 

148. Suzuki T, Oshio S, Iwata M, Saburi H, Odagiri T, Udagawa T and et al. In utero exposure to a low 

concentration of Diesel exhaust affects spontaneous locomotor activity and monoaminergic system in male 

mice. Part Fibre Toxicol. 2010):7. 

149. Allen J, Conrad K, Oberdörster G, Johnston C, Sleezer B and Cory-Slechta D. Developmental exposure 

to concentrated ambient particles and preference for immediate reward in mice. Environ Health Perspect. 

2013;121:32–38. 

150. Suglia SF, Gryparis A, Wright RO, Schwartz J and Wright RJ. Association of black carbon with 

cognition among children in a prospective birth cohort study. Am J Epidemiol. 2008;167:280-6. 

151. Power MC, Weisskopf MG, Alexeeff ST, Coull BA, Spiro III A and Schwartz J. Traffic-related air 

pollution and cognitive function in a cohort of older men. Environmental health perspectives. in press. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

220 

 

152. Zeng Y, Gu D, Purser J, Hoenig H and Christakis N. Associations of environmental factors with elderly 

health and mortality in China. Am J Public Health. 2010;100:298-305. 

153. Weuve J, Puett RC, Schwartz J, Yanosky JD, Laden F and Grodstein F. Exposure to particulate air 

pollution and cognitive decline in older women. Arch Intern Med. 2012;172:219-27. 

154. Wellenius GA, Boyle LD, Coull BA, Milberg WP, Gryparis A, Schwartz J, Mittleman MA and Lipsitz 

LA. Residential proximity to nearest major roadway and cognitive function in community-dwelling seniors: 

results from the MOBILIZE Boston Study. J Am Geriatr Soc. 2012;60:2075-80. 

155. Ranft U, Schikowski T, Sugiri D, Krutmann J and Kramer U. Long-term exposure to traffic-related 

particulate matter impairs cognitive function in the elderly. Environ Res. 2009;109:1004-11. 

156. Chen JC and Schwartz J. Neurobehavioral effects of ambient air pollution on cognitive performance in 

US adults. Neurotoxicology. 2009;30:231-9. 

157. Freire C, Ramos R, Puertas R, Lopez-Espinosa MJ, Julvez J, Aguilera I, Cruz F, Fernandez MF, Sunyer 

J and Olea N. Association of traffic-related air pollution with cognitive development in children. J Epidemiol 

Community Health. 2009. 

158. Wang S, Zhang J, Zeng X, Zeng Y, Wang S and Chen S. Association of traffic-related air pollution with 

children’s neurobehavioral functions in Quanzhou, China. . Environ Health Perspect. 2009;117:1612–1618. 

159. Gatto N, Henderson V, Hodis H, St. John J, Lurmann F, Chen J and al. e. Components of air pollution 

and cognitive function in middle-aged and older adults in Los Angeles. Neurotoxicol Teratol. 2013;40C:1-7. 

160. van Kempen E, Fischer P, Janssen N, Houthuijs D, van Kamp I, Stansfeld S and al e. Neurobehavioral 

effects of exposure to traffic-related air pollution and transportation noise in primary schoolchildren. Environ 

Res. 2012;115:18-25. 

161. Rauh VA, Whyatt RM, Garfinkel R, Andrews H, Hoepner L, Reyes A, Diaz D, Camann D and Perera 

FP. Developmental effects of exposure to environmental tobacco smoke and material hardship among inner-city 

children. Neurotoxicol Teratol. 2004;26:373-85. 

162. Volk H, Hertz-Picciotto I, Delwiche L, Lurmann F and McConnell R. Residential proximity to freeways 

and autism in the CHARGE study. Environ Health Perspect. 2011;119:873-77. 

163. Volk H, Lurmann F, Penfold B, Hertz-Picciotto I and McConnell R. Traffic-related air pollution, 

particulate matter, and autism. JAMA Psychiatry. 2013;70:71–77. 

164. Becerra T, Wilhelm M, Olesen J, Cockburn M and Ritz B. Ambient air pollution and autism 

in Los Angeles County, California. . Environ Health Perspect 2013;121:380–386. 

165. Raz R, Roberts AL, Lyall K, Hart JE, Just AC, Laden F and Weisskopf MG. Autism Spectrum Disorder 

and Particulate Matter Air Pollution before, during, and after Pregnancy: A Nested Case–Control Analysis 

within the Nurses’ Health Study II Cohort. Environ Health Perspect. 2015;123:264-270. 

166. Kioumourtzoglou MA, Schwartz JD, Weisskopf MG, Melly SJ, Wang Y, Dominici F and Zanobetti A. 

Long-term PM Exposure and Neurological Hospital Admissions in the Northeastern United States. Environ 

Health Perspect. 2015. 

167. Mehta AJ, Kubzansky LD, Coull BA, Kloog I, Koutrakis P, Sparrow D, Spiro A, 3rd, Vokonas P and 

Schwartz J. Associations between air pollution and perceived stress: the Veterans Administration Normative 

Aging Study. Environ Health. 2015;14:10. 

168. Roux J, Bard D, Le Pabic E, Segala C, Reis J, Ongagna J-C, de Sèze J and Leray E. Air pollution by 

particulate matter PM10 may trigger multiple sclerosis relapses. Environ Res. 2017;156:404-410. 

169. Angelici L, Piola M, Cavalleri T, Randi G, Cortini F, Bergamaschi R, Baccarelli AA, Bertazzi P-A, 

Pesatori AC and Bollati V. Effects of particulate matter exposure on multiple sclerosis hospital admission in 

Lombardy region, Italy. Environ Res. 2016;145. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

221 

 

170. Wilker EH, Preis SR, Beiser AS, Wolf PA, Au R, Kloog I, Li W, Schwartz J, Koutrakis P, DeCarli C, 

Seshadri S and Mittleman MA. Long-term exposure to fine particulate matter, residential proximity to major 

roads and measures of brain structure. Stroke. 2015;46:1161-6. 

171. Calderón-Garcidueñas L, Reynoso-Robles R, Vargas- Martínez J, Gómez-Maqueo-Chew A, Pérez-

Guillé B, Mukherjee PS, Torres-Jardón R, Perry G and Gónzalez-Maciel A. Prefrontal white matter pathology 

in air pollution exposed Mexico City young urbanites and their potential impact on neurovascular unit 

dysfunction and the development of Alzheimer's disease. Environ Res. 2016;146:404-417. 

172. Oberdorster G and Utell MJ. Ultrafine particles in the urban air: to the respiratory tract--and beyond? 

Environmental health perspectives. 2002;110:A440-1. 

173. Peters A, Veronesi B, Calderon-Garciduenas L, Gehr P, Chen LC, Geiser M, Reed W, Rothen-

Rutishauser B, Schurch S and Schulz H. Translocation and potential neurological effects of fine and ultrafine 

particles a critical update. Part Fibre Toxicol. 2006;3:13. 

174. Oberdorster G, Sharp Z, Atudorei V, Elder A, Gelein R, Kreyling W and Cox C. Translocation of 

inhaled ultrafine particles to the brain. Inhal Toxicol. 2004;16:437-45. 

175. Schwartz J. Low-level lead exposure and children's IQ: a meta-analysis and search for a threshold. 

Environ Res. 1994;65:42-55. 

176. Brookmeyer R, Gray S and Kawas C. Projections of Alzheimer's disease in the United States and the 

public health impact of delaying disease onset. Am J Public Health. 1998;88:1337-42. 

177. Bates DV and Sizto R. Air pollution and hospital admissions in Southern Ontario: the acid summer haze 

effect. Environ Res. 1987;43:317-31. 

178. Sunyer J, Anto JM, Murillo C and Saez M. Effects of urban air pollution on emergency room admissions 

for chronic obstructive pulmonary disease. Am J Epidemiol. 1991;134:277-86; discussion 287-9. 

179. Anderson HR, Spix C, Medina S, Schouten JP, Castellsague J, Rossi G, Zmirou D, Touloumi G, 

Wojtyniak B, Ponka A, Bacharova L, Schwartz J and Katsouyanni K. Air pollution and daily admissions for 

chronic obstructive pulmonary disease in 6 European cities: results from the APHEA project. Eur Respir J. 

1997;10:1064-71. 

180. Vigotti MA, Rossi G, Bisanti L, Zanobetti A and Schwartz J. Short term effects of urban air pollution on 

respiratory health in Milan, Italy, 1980-89. J Epidemiol Community Health. 1996;50 Suppl 1:s71-5. 

181. Medina-Ramon M, Zanobetti A and Schwartz J. The effect of ozone and PM10 on hospital admissions 

for pneumonia and chronic obstructive pulmonary disease: a national multicity study. Am J Epidemiol. 

2006;163:579-88. 

182. Dominici F, Peng RD, Bell ML, Pham L, McDermott A, Zeger SL and Samet JM. Fine particulate air 

pollution and hospital admission for cardiovascular and respiratory diseases. Jama. 2006;295:1127-34. 

183. Schwartz J. Air pollution and hospital admissions for the elderly in Birmingham, Alabama. Am J 

Epidemiol. 1994;139:589-98. 

184. Schwartz J. PM10, ozone, and hospital admissions for the elderly in Minneapolis-St. Paul, Minnesota. 

Arch Environ Health. 1994;49:366-74. 

185. Schwartz J. Air pollution and hospital admissions for the elderly in Detroit, Michigan. Am J Respir Crit 

Care Med. 1994;150:648-55. 

186. RT B, Dales R, Raizenne M, Krewski D, Summers P, Roberts G and al. e. Effects of low ambient levels 

of ozone and sulphates on the frequency of respiratory admissions to Ontario hospitals. Environ Res. 

1994;65:172-194. 

187. Barnett AG, Williams GM, Schwartz J, Neller AH, Best TL, Petroeschevsky AL and Simpson RW. Air 

pollution and child respiratory health: a case-crossover study in Australia and New Zealand. Am J Respir Crit 

Care Med. 2005;171:1272-8. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

222 

 

188. Atkinson RW, Anderson HR, Sunyer J, Ayres J, Baccini M, Vonk JM, Boumghar A, Forastiere F, 

Forsberg B, Touloumi G, Schwartz J and Katsouyanni K. Acute effects of particulate air pollution on 

respiratory admissions: results from APHEA 2 project. Air Pollution and Health: a European Approach. Am J 

Respir Crit Care Med. 2001;164:1860-6. 

189. Schwartz J. Air pollution and hospital admissions for heart disease in eight U.S. counties. Epidemiology. 

1999;10:17-22. 

190. Schwartz J. Air pollution and hospital admissions for respiratory disease. Epidemiology. 1996;7:20-8. 

191. Conti S, Lafranconi A, Zanobetti A, Fornari C, Madotto F, Schwartz J and Cesana G. Cardiorespiratory 

treatments as modifiers of the relationship between particulate matter and health: a case-only analysis on 

hospitalized patients in Italy. Environ Res. 2015;136:491-9. 

192. Kloog I, Nordio F, Zanobetti A, Coull BA, Koutrakis P and Schwartz JD. Short term effects of particle 

exposure on hospital admissions in the Mid-Atlantic states: a population estimate. PLoS One. 2014;9:e88578. 

193. Fuertes E, MacIntyre E, Agius R, Beelen R, Brunekreef B, Bucci S, Cesaroni G, Cirach M, Cyrys J, 

Forastiere F, Gehring U, Gruzieva O, Hoffmann B, Jedynska A, Keuken M, Klumper C, Kooter I, Korek M, 

Kramer U, Molter A, Nieuwenhuijsen M, Pershagen G, Porta D, Postma DS, Simpson A, Smit HA, Sugiri D, 

Sunyer J, Wang M and Heinrich J. Associations between particulate matter elements and early-life pneumonia 

in seven birth cohorts: results from the ESCAPE and TRANSPHORM projects. Int J Hyg Environ Health. 

2014;217:819-29. 

194. Zelikoff J, Nadziejko C, Fang T, Gordon C, Premdass C and Cohen M. Short term, low-dose inhalation 

of ambient particulate matter exacerbates ongoing pneumoncoccal infections in Streptococcus Pneumoniae-

infected rats. In: R. Phalen and Y. Bell, eds. Proceedings of the third Colloquium on Particulate Air Pollution 

and Human Health Irvine CA: University of California; 1999: 8-94 – 8-101. 

195. Schwartz J and Morris R. Air pollution and hospital admissions for cardiovascular disease in Detroit, 

Michigan. Am J Epidemiol. 1995;142:23-35. 

196. Schwartz J. Air pollution and hospital admissions for cardiovascular disease in Tucson. Epidemiology. 

1997;8:371-7. 

197. Le Tertre A, Medina S, Samoli E, Forsberg B, Michelozzi P, Boumghar A, Vonk JM, Bellini A, 

Atkinson R, Ayres JG, Sunyer J, Schwartz J and Katsouyanni K. Short-term effects of particulate air pollution 

on cardiovascular diseases in eight European cities. J Epidemiol Community Health. 2002;56:773-9. 

198. Peters A, Dockery DW, Muller JE and Mittleman MA. Increased particulate air pollution and the 

triggering of myocardial infarction. Circulation. 2001;103:2810-5. 

199. Pope CA, 3rd, Muhlestein JB, May HT, Renlund DG, Anderson JL and Horne BD. Ischemic heart 

disease events triggered by short-term exposure to fine particulate air pollution. Circulation. 2006;114:2443-8. 

200. Sullivan J, Sheppard L, Schreuder A, Ishikawa N, Siscovick D and Kaufman J. Relation between short-

term fine-particulate matter exposure and onset of myocardial infarction. Epidemiology. 2005;16:41-8. 

201. D'Ippoliti D, Forastiere F, Ancona C, Agabiti N, Fusco D, Michelozzi P and Perucci C. Air Pollution 

and Myocardial Infarction in Rome:  A Case-Crossover Analysis. Epidemiology. 2003:in press. 

202. Zanobetti A and Schwartz J. The effect of particulate air pollution on emergency admissions for 

myocardial infarction: a multicity case-crossover analysis. Environmental health perspectives. 2005;113:978-

82. 

203. Lippi G, Franchini M, Montagnana M, Filippozzi L, Favaloro EJ and Guidi GC. Relationship between 

24-h air pollution, emergency department admission and diagnosis of acute coronary syndrome. J Thromb 

Thrombolysis. 2010;29:381-6. 

204. Madrigano J, Kloog I, Goldberg R, Coull BA, Mittleman MA and Schwartz J. Long-term exposure to 

PM2.5 and incidence of acute myocardial infarction. Environ Health Perspect. 2013;121:192-6. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

223 

 

205. Cesaroni G, Forastiere F, Stafoggia M, Andersen ZJ, Badaloni C, Beelen R, Caracciolo B, de Faire U, 

Erbel R, Eriksen KT, Fratiglioni L, Galassi C, Hampel R, Heier M, Hennig F, Hilding A, Hoffmann B, 

Houthuijs D, Jockel KH, Korek M, Lanki T, Leander K, Magnusson PK, Migliore E, Ostenson CG, Overvad K, 

Pedersen NL, J JP, Penell J, Pershagen G, Pyko A, Raaschou-Nielsen O, Ranzi A, Ricceri F, Sacerdote C, 

Salomaa V, Swart W, Turunen AW, Vineis P, Weinmayr G, Wolf K, de Hoogh K, Hoek G, Brunekreef B and 

Peters A. Long term exposure to ambient air pollution and incidence of acute coronary events: prospective 

cohort study and meta-analysis in 11 European cohorts from the ESCAPE Project. Bmj. 2014;348:f7412. 

206. Suwa T, Hogg JC, Quinlan KB, Ohgami A, Vincent R and van Eeden SF. Particulate air pollution 

induces progression of atherosclerosis. J Am Coll Cardiol. 2002;39:935-42. 

207. Wellenius GA, Schwartz J and Mittleman MA. Air pollution and hospital admissions for ischemic and 

hemorrhagic stroke among medicare beneficiaries. Stroke. 2005;36:2549-53. 

208. Zanobetti A and Schwartz J. The effect of fine and coarse particulate air pollution on mortality: a 

national analysis. Environmental health perspectives. 2009;117:898-903. 

209. Lokken RP, Wellenius GA, Coull BA, Burger MR, Schlaug G, Suh HH and Mittleman MA. Air 

pollution and risk of stroke: underestimation of effect due to misclassification of time of event onset. 

Epidemiology. 2009;20:137-42. 

210. Coogan PF, White LF, Jerrett M, Brook RD, Su JG, Seto E, Burnett R, Palmer JR and Rosenberg L. Air 

Pollution and Incidence of Hypertension and Diabetes in African American Women Living in Los Angeles. 

Circulation. 2012;125:767-772. 

211. Puett RC, Hart JE, Schwartz J, Hu FB, Liese AD and Laden F. Are Particulate Matter Exposures 

Associated with Risk of Type 2 Diabetes? Environ Health Perspect. 2011;119:384-389. 

212. Eze IC, Hemkens LG, Bucher HC, Hoffmann B, Schindler C, Künzli N, Schikowski T and Probst-

Hensch NM. Association between Ambient Air Pollution and Diabetes Mellitus in Europe and North America: 

Systematic Review and Meta-Analysis. Environ Health Perspect. 2015;123:381-389. 

213. Peng C, Bind MC, Colicino E, Kloog I, Byun HM, Cantone L, Trevisi L, Zhong J, Brennan K, Dereix 

AE, Vokonas PS, Coull BA, Schwartz JD and Baccarelli AA. Particulate Air Pollution and Fasting Blood 

Glucose in Non-Diabetic Individuals: Associations and Epigenetic Mediation in the Normative Aging Study, 

2000-2011. Environ Health Perspect. 2016. 

214. Yitshak Sade M, Kloog I, Liberty IF, Schwartz J and Novack V. The Association Between Air Pollution 

Exposure and Glucose and Lipids Levels. J Clin Endocrinol Metab. 2016;101:2460-7. 

215. Fleisch AF, Gold DR, Rifas-Shiman SL, Koutrakis P, Schwartz JD, Kloog I, Melly S, Coull BA, 

Zanobetti A, Gillman MW and Oken E. Air pollution exposure and abnormal glucose tolerance during 

pregnancy: the project Viva cohort. Environ Health Perspect. 2014;122:378-83. 

216. Yan Y-H, Chou CCK, Lee C-T, Liu J-Y and Cheng T-J. Enhanced insulin resistance in diet-induced 

obese rats exposed to fine particles by instillation. Inhal Toxicol. 2011;23:507-519. 

217. Dhalla NS, Temsah RM and Netticadan T. Role of oxidative stress in cardiovascular diseases. J 

Hypertens. 2000;18:655-73. 

218. Brook RD, Urch B, Dvonch JT, Bard RL, Speck M, Keeler G, Morishita M, Marsik FJ, Kamal AS, 

Kaciroti N, Harkema J, Corey P, Silverman F, Gold DR, Wellenius G, Mittleman MA, Rajagopalan S and 

Brook JR. Insights into the mechanisms and mediators of the effects of air pollution exposure on blood pressure 

and vascular function in healthy humans. Hypertension. 2009;54:659-67. 

219. Sun Q, Yue P, Ying Z, Cardounel AJ, Brook RD, Devlin R, Hwang JS, Zweier JL, Chen LC and 

Rajagopalan S. Air pollution exposure potentiates hypertension through reactive oxygen species-mediated 

activation of Rho/ROCK. Arterioscler Thromb Vasc Biol. 2008;28:1760-6. 

220. Brook RD, Franklin B, Cascio W, Hong Y, Howard G, Lipsett M, Luepker R, Mittleman M, Samet J, 

Smith SC, Jr. and Tager I. Air pollution and cardiovascular disease: a statement for healthcare professionals 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

224 

 

from the Expert Panel on Population and Prevention Science of the American Heart Association. Circulation. 

2004;109:2655-71. 

221. Nel A. Atmosphere. Air pollution-related illness: effects of particles. Science. 2005;308:804-6. 

222. Evelson P and Gonzalez-Flecha B. Time course and quantitative analysis of the adaptive responses to 

85% oxygen in the rat lung and heart. Biochim Biophys Acta. 2000;1523:209-16. 

223. Furuyama A, Hirano S, Koike E and Kobayashi T. Induction of oxidative stress and inhibition of 

plasminogen activator inhibitor-1 production in endothelial cells following exposure to organic extracts of 

Diesel exhaust particles and urban fine particles. Arch Toxicol. 2006;80:154-62. 

224. Hirano S, Furuyama A, Koike E and Kobayashi T. Oxidative-stress potency of organic extracts of Diesel 

exhaust and urban fine particles in rat heart microvessel endothelial cells. Toxicology. 2003;187:161-170. 

225. Schwartz J, Park SK, O'Neill M S, Vokonas PS, Sparrow D, Weiss ST and Kelsey K. Glutathione-S-

transferase M1, Obesity, Statins, and Autonomic Effects of Particles. Am J Respir Crit Care Med. 2005. 

226. Chahine T, Baccarelli A, Litonjua A, Wright RO, Suh H, Gold DR, Sparrow D, Vokonas P and 

Schwartz J. Particulate air pollution, oxidative stress genes, and heart rate variability in an elderly cohort. 

Environ Health Perspect. 2007;115:1617-22. 

227. Madrigano J, Baccarelli A, Wright R, Suh H, Sparrow D, Vokonas P and Schwartz J. Air Pollution, 

Obesity, Genes, and Cellular Adhesion Molecules. Occup Environ Med. 2009. 

228. Ren C, Park SK, Vokonas PS, Sparrow D, Wilker E, Baccarelli A, Suh HH, Tucker KL, Wright RO and 

Schwartz J. Air pollution and homocysteine: more evidence that oxidative stress-related genes modify effects of 

particulate air pollution. Epidemiology. 2010;21:198-206. 

229. Rossner P, Jr., Svecova V, Milcova A, Lnenickova Z, Solansky I, Santella RM and Sram RJ. Oxidative 

and nitrosative stress markers in bus drivers. Mutat Res. 2007;617:23-32. 

230. Romieu I, Barraza-Villarreal A, Escamilla-Nunez C, Almstrand AC, Diaz-Sanchez D, Sly PD and Olin 

AC. Exhaled breath malondialdehyde as a marker of effect of exposure to air pollution in children with asthma. 

The Journal of allergy and clinical immunology. 2008. 

231. Ren C, Vokonas PS, Suh H, Fang S, Christiani DC and Schwartz J. Effect modification of air pollution 

on Urinary 8-Hydroxy-2'-Deoxyguanosine by genotypes: an application of the multiple testing procedure to 

identify significant SNP interactions. Environ Health. 2010;9:78. 

232. Adamkiewicz G, Ebelt S, Syring M, Slater J, Speizer FE, Schwartz J, Suh H and Gold DR. Association 

between air pollution exposure and exhaled nitric oxide in an elderly population. Thorax. 2004;59:204-9. 

233. Jansen KL, Larson TV, Koenig JQ, Mar TF, Fields C, Stewart J and Lippmann M. Associations between 

health effects and particulate matter and black carbon in subjects with respiratory disease. Environ Health 

Perspect. 2005;113:1741-6. 

234. Arimoto T, Yoshikawa T, Takano H and Kohno M. Generation of reactive oxygen species and 8-

hydroxy-2'-deoxyguanosine formation from Diesel exhaust particle components in L1210 cells. Jpn J 

Pharmacol. 1999;80:49-54. 

235. Tokiwa H, Sera N, Nakanishi Y and Sagai M. 8-Hydroxyguanosine formed in human lung tissues and 

the association with Diesel exhaust particles. Free Radic Biol Med. 1999;27:1251-8. 

236. Prahalad AK, Inmon J, Ghio AJ and Gallagher JE. Enhancement of 2'-deoxyguanosine hydroxylation 

and DNA damage by coal and oil fly ash in relation to particulate metal content and availability. Chem Res 

Toxicol. 2000;13:1011-9. 

237. Prahalad AK, Inmon J, Dailey LA, Madden MC, Ghio AJ and Gallagher JE. Air pollution particles 

mediated oxidative DNA base damage in a cell free system and in human airway epithelial cells in relation to 

particulate metal content and bioreactivity. Chem Res Toxicol. 2001;14:879-87. 

238. Knaapen AM, Shi T, Borm PJ and Schins RP. Soluble metals as well as the insoluble particle fraction 

are involved in cellular DNA damage induced by particulate matter. Mol Cell Biochem. 2002;234-235:317-26. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

225 

 

239. Kim JY, Mukherjee S, Ngo LC and Christiani DC. Urinary 8-hydroxy-2'-deoxyguanosine as a 

biomarker of oxidative DNA damage in workers exposed to fine particulates. Environ Health Perspect. 

2004;112:666-71. 

240. Tondel M, Arynchyn A, Jonsson P, Persson B and Tagesson C. Urinary 8-Hydroxydeoxyguanosine in 

Belarussian Children Relates to Urban Living Rather Than Radiation Dose After the Chernobyl Accident: A 

Pilot Study. Arch Environ Contam Toxicol. 2005. 

241. Ridker PM, Hennekens CH, Buring JE and Rifai N. C-reactive protein and other markers of 

inflammation in the prediction of cardiovascular disease in women. N Engl J Med. 2000;342:836-43. 

242. Ridker PM, Glynn RJ and Hennekens CH. C-reactive protein adds to the predictive value of total and 

HDL cholesterol in determining risk of first myocardial infarction. [see comments]. Circulation. 1998;97:2007-

11. 

243. Ridker PM, Buring  JE, Cook NR and Rifai N. C-reactive protein, the metabolic syndrome, and risk of 

incident cardiovascular events: an 8-year follow-up of 14,719 initially healthy American women. Circulation. 

2003;107:391-7. 

244. Albert MA and Ridker PM. The role of C-reactive protein in cardiovascular disease risk. Curr Cardiol 

Rep. 1999;1:99-104. 

245. Pradhan A, Manson J, Rifai N, Buring J and Ridker P. C-reactive protein, interleukin 6, and risk of 

developing type 2 diabetes mellitus. Jama. 2001;286:327-34. 

246. Pradhan A, Rifai, N, Ridker, PM. Soluble intercellular adhesion molecule-1, soluble vascular adhesion 

molecule-1, and the development of symptomatic peripheral arterial disease in men. Circulation. 2002;106:820-

5. 

247. Rallidis LS, Gika HI, Zolindaki MG, Xydas TA, Paravolidakis KE and Velissaridou AH. Usefulness of 

elevated levels of soluble vascular cell adhesion molecule-1 in predicting in-hospital prognosis in patients with 

unstable angina pectoris. Am J Cardiol. 2003;92:1195-7. 

248. Topal G, Brunet A, Millanvoye E, Boucher JL, Rendu F, Devynck MA and David-Dufilho M. 

Homocysteine induces oxidative stress by uncoupling of no synthase activity through reduction of 

tetrahydrobiopterin. Free Radic Biol Med. 2004;36:1532-41. 

249. Bozkurt E, Keles S, Acikel M, Islek M and Atesal S. Plasma homocysteine level and the angiographic 

extent of coronary artery disease. Angiology. 2004;55:265-70. 

250. Vaudo G, Marchesi S, Siepi D, Bagaglia F, Paltriccia R, Pirro M, Schillaci G, Lupattelli G and 

Mannarino E. Relevance of homocysteine on brachial flow-mediated vasodilatation and carotid and femoral 

intima-media thickness in patients with hypercholesterolemia. Am J Cardiol. 2004;93:1413-6, A9. 

251. O'Neill MS, Veves A, Zanobetti A, Sarnat JA, Gold DR, Economides PA, Horton ES and Schwartz J. 

Diabetes enhances vulnerability to particulate air pollution-associated impairment in vascular reactivity and 

endothelial function. Circulation. 2005;111:2913-20. 

252. Chuang KJ, Chan CC, Su TC, Lee CT and Tang CS. The effect of urban air pollution on inflammation, 

oxidative stress, coagulation, and autonomic dysfunction in young adults. Am J Respir Crit Care Med. 

2007;176:370-6. 

253. Yue W, Schneider A, Stolzel M, Ruckerl R, Cyrys J, Pan X, Zareba W, Koenig W, Wichmann HE and 

Peters A. Ambient source-specific particles are associated with prolonged repolarization and increased levels of 

inflammation in male coronary artery disease patients. Mutat Res. 2007;621:50-60. 

254. Ruckerl R, Greven S, Ljungman P, Aalto P, Antoniades C, Bellander T, Berglind N, Chrysohoou C, 

Forastiere F, Jacquemin B, von Klot S, Koenig W, Kuchenhoff H, Lanki T, Pekkanen J, Perucci CA, Schneider 

A, Sunyer J and Peters A. Air pollution and inflammation (interleukin-6, C-reactive protein, fibrinogen) in 

myocardial infarction survivors. Environ Health Perspect. 2007;115:1072-80. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

226 

 

255. Pope CA, 3rd, Hansen ML, Long RW, Nielsen KR, Eatough NL, Wilson WE and Eatough DJ. Ambient 

particulate air pollution, heart rate variability, and blood markers of inflammation in a panel of elderly subjects. 

Environ Health Perspect. 2004;112:339-45. 

256. Dubowsky SD, Suh H, Schwartz J, Coull BA and Gold DR. Diabetes, obesity, and hypertension may 

enhance associations between air pollution and markers of systemic inflammation. Environ Health Perspect. 

2006;114:992-8. 

257. Park SK, O'Neill MS, Vokonas PS, Sparrow D, Spiro Iii A, Tucker KL, Suh H, Hu H and Schwartz J. 

Traffic-Related Particles are Associated with Elevated Homocysteine: the VA Normative Aging Study. Am J 

Respir Crit Care Med. 2008. 

258. Chuang H-C, Hod K-F, Ling L-Y, Chang T-Y and Hong G-B. Long-term indoor air conditioner 

filtration and cardiovascular health: A randomized crossover intervention study. . Environment international. 

2017;106:91-96. 

259. Sigaud S, Goldsmith CA, Zhou H, Yang Z, Fedulov A, Imrich A and Kobzik L. Air pollution particles 

diminish bacterial clearance in the primed lungs of mice. Toxicol Appl Pharmacol. 2007;223:1-9. 

260. Zhou H and Kobzik L. Effect of concentrated ambient particles on macrophage phagocytosis and killing 

of Streptococcus pneumoniae. Am J Respir Cell Mol Biol. 2007;36:460-5. 

261. Busso IT, Vera A, Mateos AC, Amarillo AC and Carreras H. Histological changes in lung tissues related 

with sub-chronic exposure to ambient urban levels of PM2.5 in Cordoba, Argentina  Atmospheric Environment. 

2017;167:616-624. 

262. Mutlu GM, Green D, Bellmeyer A, Baker CM, Burgess Z, Rajamannan N, Christman JW, Foiles N, 

Kamp DW, Ghio AJ, Chandel NS, Dean DA, Sznajder JI and Budinger GR. Ambient particulate matter 

accelerates coagulation via an IL-6-dependent pathway. J Clin Invest. 2007;117:2952-61. 

263. Mills NL, Tornqvist H, Gonzalez MC, Vink E, Robinson SD, Soderberg S, Boon NA, Donaldson K, 

Sandstrom T, Blomberg A and Newby DE. Ischemic and thrombotic effects of dilute Diesel-exhaust inhalation 

in men with coronary heart disease. N Engl J Med. 2007;357:1075-82. 

264. Nemmar A, Hoet PH, Dinsdale D, Vermylen J, Hoylaerts MF and Nemery B. Diesel exhaust particles in 

lung acutely enhance experimental peripheral thrombosis. Circulation. 2003;107:1202-8. 

265. Baccarelli A, Zanobetti A, Martinelli I, Grillo P, Hou L, Giacomini S, Bonzini M, Lanzani G, Mannucci 

PM, Bertazzi PA and Schwartz J. Effects of exposure to air pollution on blood coagulation. J Thromb Haemost. 

2007;5:252-60. 

266. Baccarelli A, Martinelli I, Zanobetti A, Grillo P, Hou LF, Bertazzi PA, Mannucci PM and Schwartz J. 

Exposure to particulate air pollution and risk of deep vein thrombosis. Archives of internal medicine. 

2008;168:920-7. 

267. Baccarelli A, Martinelli I, Pegoraro V, Melly S, Grillo P, Zanobetti A, Hou L, Bertazzi PA, Mannucci 

PM and Schwartz J. Living near major traffic roads and risk of deep vein thrombosis. Circulation. 

2009;119:3118-24. 

268. Kloog I, Zanobetti A, Nordio F, Coull BA, Baccarelli AA and Schwartz J. Effects of airborne fine 

particles (PM2.5) on Deep Vein Thrombosis Admissions in North Eastern United States. J Thromb Haemost. 

2015. 

269. Liao D, Whitsel EA, Duan Y, Lin HM, Quibrera PM, Smith R, Peuquet DJ, Prineas RJ, Zhang ZM and 

Anderson G. Ambient particulate air pollution and ectopy--the environmental epidemiology of 

arrhythmogenesis in Women's Health Initiative Study, 1999-2004. J Toxicol Environ Health A. 2009;72:30-8. 

270. Nemmar A, Hoet PH, Vermylen J, Nemery B and Hoylaerts MF. Pharmacological stabilization of mast 

cells abrogates late thrombotic events induced by Diesel exhaust particles in hamsters. Circulation. 

2004;110:1670-7. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

227 

 

271. Bartoli CR, Wellenius GA, Coull BA, Akiyama I, Diaz EA, Lawrence J, Okabe K, Verrier RL and 

Godleski JJ. Concentrated ambient particles alter myocardial blood flow during acute ischemia in conscious 

canines. Environ Health Perspect. 2009;117:333-7. 

272. Wellenius GA, Coull BA, Godleski JJ, Koutrakis P, Okabe K, Savage ST, Lawrence JE, Murthy GG and 

Verrier RL. Inhalation of concentrated ambient air particles exacerbates myocardial ischemia in conscious dogs. 

Environ Health Perspect. 2003;111:402-8. 

273. Chuang KJ, Coull BA, Zanobetti A, Suh H, Schwartz J, Stone PH, Litonjua A, Speizer FE and Gold DR. 

Particulate air pollution as a risk factor for ST-segment depression in patients with coronary artery disease. 

Circulation. 2008;118:1314-20. 

274. Gold DR, Litonjua AA, Zanobetti A, Coull BA, Schwartz J, MacCallum G, Verrier RL, Nearing BD, 

Canner MJ, Suh H and Stone PH. Air pollution and ST-segment depression in elderly subjects. Environmental 

health perspectives. 2005;113:883-7. 

275. Pekkanen J, Peters A, Hoek G, Tiittanen P, Brunekreef B, de Hartog J, Heinrich J, Ibald-Mulli A, 

Kreyling WG, Lanki T, Timonen KL and Vanninen E. Particulate air pollution and risk of ST-segment 

depression during repeated submaximal exercise tests among subjects with coronary heart disease: the Exposure 

and Risk Assessment for Fine and Ultrafine Particles in Ambient Air (ULTRA) study. Circulation. 

2002;106:933-8. 

276. Kunzli N, Jerrett M, Mack WJ, Beckerman B, LaBree L, Gilliland F, Thomas D, Peters J and Hodis HN. 

Ambient air pollution and atherosclerosis in Los Angeles. Environmental health perspectives. 2005;113:201-6. 

277. Kunzli N, Jerrett M, Garcia-Esteban R, Basagana X, Beckermann B, Gilliland F, Medina M, Peters J, 

Hodis HN and Mack WJ. Ambient air pollution and the progression of atherosclerosis in adults. PLoS One. 

2010;5:e9096. 

278. Hoffmann B, Moebus S, Mohlenkamp S, Stang A, Lehmann N, Dragano N, Schmermund A, 

Memmesheimer M, Mann K, Erbel R and Jockel KH. Residential exposure to traffic is associated with coronary 

atherosclerosis. Circulation. 2007;116:489-96. 

279. Adar SD, Klein R, Klein BE, Szpiro AA, Cotch MF, Wong TY, O'Neill MS, Shrager S, Barr RG, 

Siscovick DS, Daviglus ML, Sampson PD and Kaufman JD. Air Pollution and the microvasculature: a cross-

sectional assessment of in vivo retinal images in the population-based multi-ethnic study of atherosclerosis 

(MESA). PLoS Med. 2010;7:e1000372. 

280. Bauer M, Moebus S, Mohlenkamp S, Dragano N, Nonnemacher M, Fuchsluger M, Kessler C, Jakobs H, 

Memmesheimer M, Erbel R, Jockel KH and Hoffmann B. Urban particulate matter air pollution is associated 

with subclinical atherosclerosis: results from the HNR (Heinz Nixdorf Recall) study. J Am Coll Cardiol. 

2010;56:1803-8. 

281. Allen RW, Criqui MH, Diez Roux AV, Allison M, Shea S, Detrano R, Sheppard L, Wong ND, 

Stukovsky KH and Kaufman JD. Fine particulate matter air pollution, proximity to traffic, and aortic 

atherosclerosis. Epidemiology. 2009;20:254-64. 

282. Chuang KJ, Yan YH, Chiu SY and Cheng TJ. Long-term air pollution exposure and risk factors for 

cardiovascular diseases among the elderly in Taiwan. Occup Environ Med. 2011;68:64-8. 

283. Chuang KJ, Yan YH and Cheng TJ. Effect of air pollution on blood pressure, blood lipids, and blood 

sugar: a population-based approach. J Occup Environ Med. 2010;52:258-62. 

284. Lundback M, Mills NL, Lucking A, Barath S, Donaldson K, Newby DE, Sandstrom T and Blomberg A. 

Experimental exposure to Diesel exhaust increases arterial stiffness in man. Part Fibre Toxicol. 2009;6:7. 

285. Wilker E, Mittleman MA, Litonjua AA, Poon A, Baccarelli A, Suh H, Wright RO, Sparrow D, Vokonas 

P and Schwartz J. Postural changes in blood pressure associated with interactions between candidate genes for 

chronic respiratory diseases and exposure to particulate matter. Environmental health perspectives. 

2009;117:935-40. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

228 

 

286. Mordukhovich I, Wilker E, MacIntosh H, Wright R, Vokonas P, Sparrow D and Schwartz J. Black 

Carbon Exposure, Oxidative Stress Genes, and Blood Pressure in a Repeated Measures Study. Environ Health 

Perspect. 2009;in press. 

287. Auchincloss AH, Diez Roux AV, Dvonch JT, Brown PL, Barr RG, Daviglus ML, Goff DC, Kaufman 

JD and O'Neill MS. Associations between recent exposure to ambient fine particulate matter and blood pressure 

in the Multi-ethnic Study of Atherosclerosis (MESA). Environ Health Perspect. 2008;116:486-91. 

288. Calderon-Garciduenas L, Vincent R, Mora-Tiscareno A, Franco-Lira M, Henriquez-Roldan C, 

Barragan-Mejia G, Garrido-Garcia L, Camacho-Reyes L, Valencia-Salazar G, Paredes R, Romero L, Osnaya H, 

Villarreal-Calderon R, Torres-Jardon R, Hazucha MJ and Reed W. Elevated plasma endothelin-1 and 

pulmonary arterial pressure in children exposed to air pollution. Environ Health Perspect. 2007;115:1248-53. 

289. Zanobetti A, Canner MJ, Stone PH, Schwartz J, Sher D, Eagan-Bengston E, Gates KA, Hartley LH, Suh 

H and Gold DR. Ambient pollution and blood pressure in cardiac rehabilitation patients. Circulation. 

2004;110:2184-9. 

290. de Paula Santos U, Braga AL, Giorgi DM, Pereira LA, Grupi CJ, Lin CA, Bussacos MA, Zanetta DM, 

do Nascimento Saldiva PH and Filho MT. Effects of air pollution on blood pressure and heart rate variability: a 

panel study of vehicular traffic controllers in the city of Sao Paulo, Brazil. Eur Heart J. 2005;26:193-200. 

291. Ibald-Mulli A, Stieber J, Wichmann HE, Koenig W and Peters A. Effects of air pollution on blood 

pressure: a population-based approach. Am J Publ Health. 2001;91:571-7. 

292. Ibald-Mulli A, Timonen KL, Peters A, Heinrich J, Wolke G, Lanki T, Buzorius G, Kreyling WG, de 

Hartog J, Hoek G, ten Brink HM and Pekkanen J. Effects of particulate air pollution on blood pressure and heart 

rate in subjects with cardiovascular disease: a multicenter approach. Environ Health Perspect. 2004;112:369-

77. 

293. Urch B, Silverman F, Corey P, Brook JR, Lukic KZ, Rajagopalan S and Brook RD. Acute blood 

pressure responses in healthy adults during controlled air pollution exposures. Environ Health Perspect. 

2005;113:1052-5. 

294. Haynes WG and Webb DJ. Endothelin as a regulator of cardiovascular function in health and disease. J 

Hypertens. 1998;16:1081-98. 

295. Tamagawa E, Bai N, Morimoto K, Gray C, Mui T, Yatera K, Zhang X, Xing L, Li Y, Laher I, Sin DD, 

Man SF and van Eeden SF. Particulate matter exposure induces persistent lung inflammation and endothelial 

dysfunction. Am J Physiol Lung Cell Mol Physiol. 2008;295:L79-85. 

296. Bouthillier L, Vincent R, Goegan P, Adamson I, Bjarnason S, Stewart M and al. e. Acute effects of 

inhaled urban particles and ozone: lung morphology, macrophage activity, and plasma endothelin-1. Am J 

Pathol. 1998;153:1873-1884. 

297. Calderon-Garciduenas L, Villarreal-Calderon R, Valencia-Salazar G, Henriquez-Roldan C, Gutierrez-

Castrellon P, Torres-Jardon R, Osnaya-Brizuela N, Romero L, Torres-Jardon R, Solt A and Reed W. Systemic 

inflammation, endothelial dysfunction, and activation in clinically healthy children exposed to air pollutants. 

Inhal Toxicol. 2008;20:499-506. 

298. Chauhan V, Breznan D, Thomson E, Karthikeyan S and Vincent R. Effects of ambient air particles on 

the endothelin system in human pulmonary epithelial cells (A549). Cell Biol Toxicol. 2005;21:191-205. 

299. Thomson EM, Kumarathasan P, Calderon-Garciduenas L and Vincent R. Air pollution alters brain and 

pituitary endothelin-1 and inducible nitric oxide synthase gene expression. Environ Res. 2007;105:224-33. 

300. Thomson E, Goegan P, Kumarathasan P and Vincent R. Air pollutants increase gene expression of the 

vasoconstrictor endothelin-1 in the lungs. Biochim Biophys Acta. 2004;1689:75-82. 

301. Li Z, Carter JD, Dailey LA and Huang YC. Pollutant particles produce vasoconstriction and enhance 

MAPK signaling via angiotensin type I receptor. Environ Health Perspect. 2005;113:1009-14. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

229 

 

302. Ridker PM, Danielson E, Rifai N and Glynn RJ. Valsartan, blood pressure reduction, and C-reactive 

protein: primary report of the Val-MARC trial. Hypertension. 2006;48:73-9. 

303. Brook RD, Brook JR, Urch B, Vincent R, Rajagopalan S and Silverman F. Inhalation of fine particulate 

air pollution and ozone causes acute arterial vasoconstriction in healthy adults. Circulation. 2002;105:1534-6. 

304. van Rossem L, Rifas-Shiman SL, Melly SJ, Kloog I, Luttmann-Gibson H, Zanobetti A, Coull BA, 

Schwartz JD, Mittleman MA, Oken E, Gillman MW, Koutrakis P and Gold DR. Prenatal Air Pollution 

Exposure and Newborn Blood Pressure. Environmental health perspectives. 2015. 

305. McCracken JP, Smith KR, Diaz A, Mittleman MA and Schwartz J. Chimney stove intervention to 

reduce long-term wood smoke exposure lowers blood pressure among Guatemalan women. Environmental 

health perspectives. 2007;115:996-1001. 

306. Langrish JP, Mills NL, Chan JK, Leseman DL, Aitken RJ, Fokkens PH, Cassee FR, Li J, Donaldson K, 

Newby DE and Jiang L. Beneficial cardiovascular effects of reducing exposure to particulate air pollution with 

a simple facemask. Part Fibre Toxicol. 2009;6:8. 

307. Schwartz J, Alexeeff SE, Mordukhovich I, Gryparis A, Vokonas P, Suh H and Coull BA. Association 

between long-term exposure to traffic particles and blood pressure in the Veterans Administration Normative 

Aging Study. Occup Environ Med. 2012;69:422-7. 

308. Chan S, Van Hee V, Bergen S, Szpiro A, DeRoo L, London S, Marshall J, Kaufman J and Sandler D. 

Long-term air pollution exposure and blood pressure in the Sister Study. Environ Health Perspect. 2015; 

123:951–958. 

309. Chen H, Burnett R, Kwong J, Villeneuve P, Goldberg M, Brook R, van Donkelaar A, Jerrett M, Martin 

R, Kopp A, Brook J and Copes R. Spatial Association Between Ambient Fine Particulate Matter and Incident 

Hypertension 

 Circulation journal : official journal of the Japanese Circulation Society. 2014;129:562-569. 

310. Breton CV, Mack WJ, Yao J, Berhane K, Amadeus M, Lurmann F, Gilliland F, McConnell R, Hodis 

HN, Kunzli N and Avol E. Prenatal Air Pollution Exposure and Early Cardiovascular Phenotypes in Young 

Adults. PLoS One. 2016;11:e0150825. 

311. Luttmann-Gibson H, Suh HH, Coull BA, Dockery DW, Sarnat SE, Schwartz J, Stone PH and Gold DR. 

Systemic inflammation, heart rate variability and air pollution in a cohort of senior adults. Occup Environ Med. 

2010;67:625-30. 

312. Zanobetti A, Gold DR, Stone PH, Suh HH, Schwartz J, Coull BA and Speizer FE. Reduction in heart 

rate variability with traffic and air pollution in patients with coronary artery disease. Environmental health 

perspectives. 2010;118:324-30. 

313. Park SK, Auchincloss AH, O'Neill MS, Prineas R, Correa JC, Keeler J, Barr RG, Kaufman JD and Diez 

Roux AV. Particulate air pollution, metabolic syndrome, and heart rate variability: the multi-ethnic study of 

atherosclerosis (MESA). Environ Health Perspect. 2010;118:1406-11. 

314. Adar SD, Gold DR, Coull BA, Schwartz J, Stone PH and Suh H. Focused exposures to airborne traffic 

particles and heart rate variability in the elderly. Epidemiology. 2007;18:95-103. 

315. Timonen KL, Vanninen E, de Hartog J, Ibald-Mulli A, Brunekreef B, Gold DR, Heinrich J, Hoek G, 

Lanki T, Peters A, Tarkiainen T, Tiittanen P, Kreyling W and Pekkanen J. Effects of ultrafine and fine 

particulate and gaseous air pollution on cardiac autonomic control in subjects with coronary artery disease: the 

ULTRA study. J Expo Sci Environ Epidemiol. 2006;16:332-41. 

316. Luttmann-Gibson H, Suh HH, Coull BA, Dockery DW, Sarnat SE, Schwartz J, Stone PH and Gold DR. 

Short-term effects of air pollution on heart rate variability in senior adults in Steubenville, Ohio. J Occup 

Environ Med. 2006;48:780-8. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

230 

 

317. Schwartz J, Litonjua A, Suh H, Verrier M, Zanobetti A, Syring M, Nearing B, Verrier R, Stone P, 

MacCallum G, Speizer FE and Gold DR. Traffic related pollution and heart rate variability in a panel of elderly 

subjects. Thorax. 2005;60:455-61. 

318. Liao D, Duan Y, Whitsel EA, Zheng ZJ, Heiss G, Chinchilli VM and Lin HM. Association of higher 

levels of ambient criteria pollutants with impaired cardiac autonomic control: a population-based study. Am J 

Epidemiol. 2004;159:768-77. 

319. Devlin RB, Ghio AJ, Kehrl H, Sanders G and Cascio W. Elderly humans exposed to concentrated air 

pollution particles have decreased heart rate variability. Eur Respir J Suppl. 2003;40:76s-80s. 

320. Holguin F, Tellez-Rojo MM, Hernandez M, Cortez M, Chow JC, Watson JG, Mannino D and Romieu I. 

Air pollution and heart rate variability among the elderly in Mexico City. Epidemiology. 2003;14:521-7. 

321. Magari SR, Schwartz J, Williams PL, Hauser R, Smith TJ and Christiani DC. The association between 

personal measurements of environmental exposure to particulates and heart rate variability. Epidemiology. 

2002;13:305-10. 

322. Creason J, Neas L, Walsh D, Williams R, Sheldon L, Liao D and Shy C. Particulate matter and heart 

rate variability among elderly retirees: the Baltimore 1998 PM study. J Expo Anal Environ Epidemiol. 

2001;11:116-22. 

323. Corey LM, Baker C and Luchtel DL. Heart-rate variability in the apolipoprotein E knockout transgenic 

mouse following exposure to Seattle particulate matter. J Toxicol Environ Health A. 2006;69:953-65. 

324. Chang CC, Hwang JS, Chan CC, Wang PY, Hu TH and Cheng TJ. Effects of concentrated ambient 

particles on heart rate, blood pressure, and cardiac contractility in spontaneously hypertensive rats. Inhal 

Toxicol. 2004;16:421-9. 

325. Godleski JJ, Verrier RL, Koutrakis P, Catalano P, Coull B, Reinisch U, Lovett EG, Lawrence J, Murthy 

GG, Wolfson JM, Clarke RW, Nearing BD and Killingsworth C. Mechanisms of morbidity and mortality from 

exposure to ambient air particles. Res Rep Health Eff Inst. 2000:5-88; discussion 89-103. 

326. Ghelfi E, Rhoden CR, Wellenius GA, Lawrence J and Gonzalez-Flecha B. Cardiac oxidative stress and 

electrophysiological changes in rats exposed to concentrated ambient particles are mediated by TRP-dependent 

pulmonary reflexes. Toxicol Sci. 2008;102:328-36. 

327. Zanobetti A, Stone PH, Speizer FE, Schwartz JD, Coull BA, Suh HH, Nearing BD, Mittleman MA, 

Verrier RL and Gold DR. T-wave alternans, air pollution and traffic in high-risk subjects. The American journal 

of cardiology. 2009;104:665-70. 

328. Baja ES, Schwartz JD, Wellenius GA, Coull BA, Zanobetti A, Vokonas PS and Suh HH. Traffic-related 

air pollution and QT interval: modification by diabetes, obesity, and oxidative stress gene polymorphisms in the 

normative aging study. Environmental health perspectives. 2010;118:840-6. 

329. Henneberger A, Zareba W, Ibald-Mulli A, Ruckerl R, Cyrys J, Couderc JP, Mykins B, Woelke G, 

Wichmann HE and Peters A. Repolarization changes induced by air pollution in ischemic heart disease patients. 

Environ Health Perspect. 2005;113:440-6. 

330. McCracken J, Smith KR, Stone P, Diaz A, Arana B and Schwartz J. Intervention to Lower Household 

Woodsmoke Exposure in Guatemala Reduces ST-segment Depression on Electrocardiograms. Environmental 

health perspectives. 2011. 

331. Alexeeff SE, Coull BA, Gryparis A, Suh H, Sparrow D, Vokonas PS and Schwartz J. Medium-term 

exposure to traffic-related air pollution and markers of inflammation and endothelial function. Environmental 

health perspectives. 2011;119:481-6. 

332. Poursafa P, Kelishadi R, Lahijanzadeh A, Modaresi M, Javanmard SH, Assari R, Amin MM, Moattar F, 

Amini A and Sadeghian B. The relationship of air pollution and surrogate markers of endothelial dysfunction in 

a population-based sample of children. BMC Public Health. 2011;11:115. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

231 

 

333. Madrigano J, Baccarelli A, Wright RO, Suh H, Sparrow D, Vokonas PS and Schwartz J. Air pollution, 

obesity, genes and cellular adhesion molecules. Occup Environ Med. 2010;67:312-7. 

334. Wilker EH, Alexeeff SE, Poon A, Litonjua AA, Sparrow D, Vokonas PS, Mittleman MA and Schwartz 

J. Candidate genes for respiratory disease associated with markers of inflammation and endothelial dysfunction 

in elderly men. Atherosclerosis. 2009. 

335. Calderon-Garciduenas L, Solt AC, Henriquez-Roldan C, Torres-Jardon R, Nuse B, Herritt L, Villarreal-

Calderon R, Osnaya N, Stone I, Garcia R, Brooks DM, Gonzalez-Maciel A, Reynoso-Robles R, Delgado-

Chavez R and Reed W. Long-term air pollution exposure is associated with neuroinflammation, an altered 

innate immune response, disruption of the blood-brain barrier, ultrafine particulate deposition, and 

accumulation of amyloid beta-42 and alpha-synuclein in children and young adults. Toxicol Pathol. 

2008;36:289-310. 

336. O'Neill MS, Veves A, Sarnat JA, Zanobetti A, Gold DR, Economides PA, Horton ES and Schwartz J. 

Air pollution and inflammation in type 2 diabetes: a mechanism for susceptibility. Occup Environ Med. 

2007;64:373-9. 

337. O'Toole TE, Hellmann J, Wheat L, Haberzettl P, Lee J, Conklin DJ, Bhatnagar A and Pope CA, 3rd. 

Episodic exposure to fine particulate air pollution decreases circulating levels of endothelial progenitor cells. 

Circ Res. 2010;107:200-3. 

338. Gareus R, Kotsaki E, Xanthoulea S, van der Made I, Gijbels MJ, Kardakaris R, Polykratis A, Kollias G, 

de Winther MP and Pasparakis M. Endothelial cell-specific NF-kappaB inhibition protects mice from 

atherosclerosis. Cell Metab. 2008;8:372-83. 

339. Hansen CS, Sheykhzade M, Moller P, Folkmann JK, Amtorp O, Jonassen T and Loft S. Diesel exhaust 

particles induce endothelial dysfunction in apoE-/- mice. Toxicol Appl Pharmacol. 2007;219:24-32. 

340. Yamawaki H and Iwai N. Mechanisms underlying nano-sized air-pollution-mediated progression of 

atherosclerosis: carbon black causes cytotoxic injury/inflammation and inhibits cell growth in vascular 

endothelial cells. Circ J. 2006;70:129-40. 

341. Liu PL, Chen YL, Chen YH, Lin SJ and Kou YR. Wood smoke extract induces oxidative stress-

mediated caspase-independent apoptosis in human lung endothelial cells: role of AIF and EndoG. Am J Physiol 

Lung Cell Mol Physiol. 2005;289:L739-49. 

342. Brauner EV, Forchhammer L, Moller P, Barregard L, Gunnarsen L, Afshari A, Wahlin P, Glasius M, 

Dragsted LO, Basu S, Raaschou-Nielsen O and Loft S. Indoor particles affect vascular function in the aged: an 

air filtration-based intervention study. Am J Respir Crit Care Med. 2008;177:419-25. 

343. Sun Q, Yue P, Kirk RI, Wang A, Moatti D, Jin X, Lu B, Schecter AD, Lippmann M, Gordon T, Chen 

LC and Rajagopalan S. Ambient air particulate matter exposure and tissue factor expression in atherosclerosis. 

Inhal Toxicol. 2008;20:127-37. 

344. Sun Q, Wang A, Jin X, Natanzon A, Duquaine D, Brook RD, Aguinaldo JG, Fayad ZA, Fuster V, 

Lippmann M, Chen LC and Rajagopalan S. Long-term air pollution exposure and acceleration of atherosclerosis 

and vascular inflammation in an animal model. Jama. 2005;294:3003-10. 

345. Soares SR, Carvalho-Oliveira R, Ramos-Sanchez E, Catanozi S, da Silva LF, Mauad T, Gidlund M, 

Goto H and Garcia ML. Air pollution and antibodies against modified lipoproteins are associated with 

atherosclerosis and vascular remodeling in hyperlipemic mice. Atherosclerosis. 2009;207:368-73. 

346. Floyd HS, Chen LC, Vallanat B and Dreher K. Fine ambient air particulate matter exposure induces 

molecular alterations associated with vascular disease progression within plaques of atherosclerotic susceptible 

mice. Inhal Toxicol. 2009;21:394-403. 

347. Cantone L, Nordio F, Hou L, Apostoli P, Bonzini M, Tarantini L, Angelici L, Bollati V, Zanobetti A, 

Schwartz J, Bertazzi PA and Baccarelli A. Inhalable metal-rich air particles and histone H3K4 dimethylation 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

232 

 

and H3K9 acetylation in a cross-sectional study of steel workers. Environmental health perspectives. 

2011;119:964-9. 

348. Nadeau K, McDonald-Hyman C, Noth EM, Pratt B, Hammond SK, Balmes J and Tager I. Ambient air 

pollution impairs regulatory T-cell function in asthma. J Allergy Clin Immunol. 2010;126:845-852 e10. 

349. Tarantini L, Bonzini M, Apostoli P, Pegoraro V, Bollati V, Marinelli B, Cantone L, Rizzo G, Hou L, 

Schwartz J, Bertazzi PA and Baccarelli A. Effects of particulate matter on genomic DNA methylation content 

and iNOS promoter methylation. Environ Health Perspect. 2009;117:217-22. 

350. Zhu ZZ, Sparrow D, Hou L, Tarantini L, Bollati V, Litonjua AA, Zanobetti A, Vokonas P, Wright RO, 

Baccarelli A and Schwartz J. Repetitive element hypomethylation in blood leukocyte DNA and cancer 

incidence, prevalence, and mortality in elderly individuals: the Normative Aging Study. Cancer Causes 

Control. 2011;22:437-47. 

351. Gao Y, Baccarelli A, Shu XO, Ji BT, Yu K, Tarantini L, Yang G, Li HL, Hou L, Rothman N, Zheng W, 

Gao YT and Chow WH. Blood leukocyte Alu and LINE-1 methylation and gastric cancer risk in the Shanghai 

Women's Health Study. Br J Cancer. 2011. 

352. Qiu W, Baccarelli A, Carey VJ, Boutaoui N, Bacherman H, Klanderman B, Rennard S, Agusti A, 

Anderson W, Lomas DA and Demeo DL. Variable DNA Methylation is Associated with COPD and Lung 

Function. Am J Respir Crit Care Med. 2011. 

353. Baccarelli A, Tarantini L, Wright RO, Bollati V, Litonjua AA, Zanobetti A, Sparrow D, Vokonas P and 

Schwartz J. Repetitive element DNA methylation and circulating endothelial and inflammation markers in the 

VA normative aging study. Epigenetics. 2010;5. 

354. Baccarelli A, Wright R, Bollati V, Litonjua A, Zanobetti A, Tarantini L, Sparrow D, Vokonas P and 

Schwartz J. Ischemic heart disease and stroke in relation to blood DNA methylation. Epidemiology. 

2010;21:819-28. 

355. Carmona JJ, Sofer T, Hutchinson J, Cantone L, Coull B, Maity A, Vokonas P, Lin X, Schwartz J and 

Baccarelli AA. Short-term airborne particulate matter exposure alters the epigenetic landscape of human genes 

associated with the mitogen-activated protein kinase network: a cross-sectional study. Environ Health. 

2014;13:94. 

356. Lee KH, Tadesse MG, Baccarelli AA, Schwartz J and Coull BA. Multivariate Bayesian variable 

selection exploiting dependence structure among outcomes: Application to air pollution effects on DNA 

methylation. Biometrics. 2017;73:232-241. 

357. Panni T, Mehta AJ, Schwartz JD, Baccarelli AA, Just AC, Wolf K, Wahl S, Cyrys J, Kunze S, Strauch 

K, Waldenberger M and Peters A. Genome-Wide Analysis of DNA Methylation and Fine Particulate Matter Air 

Pollution in Three Study Populations: KORA F3, KORA F4, and the Normative Aging Study. Environ Health 

Perspect. 2016;124:983-90. 

358. Zheng Y, Joyce BT, Colicino E, Liu L, Zhang W, Dai Q, Shrubsole MJ, Kibbe WA, Gao T, Zhang Z, 

Jafari N, Vokonas P, Schwartz J, Baccarelli AA and Hou L. Blood Epigenetic Age may Predict Cancer 

Incidence and Mortality. EBioMedicine. 2016;5:68-73. 

359. Marioni RE, Shah S, McRae AF, Chen BH, Colicino E, Harris SE, Gibson J, Henders AK, Redmond P, 

Cox SR, Pattie A, Corley J, Murphy L, Martin NG, Montgomery GW, Feinberg AP, Fallin MD, Multhaup ML, 

Jaffe AE, Joehanes R, Schwartz J, Just AC, Lunetta KL, Murabito JM, Starr JM, Horvath S, Baccarelli AA, 

Levy D, Visscher PM, Wray NR and Deary IJ. DNA methylation age of blood predicts all-cause mortality in 

later life. Genome Biol. 2015;16:25. 

360. Nwanaji-Enwerem JC, Colicino E, Trevisi L, Kloog I, Just AC, Shen J, Brennan K, Dereix A, Hou L, 

Vokonas P, Schwartz J and Baccarelli AA. Long-term ambient particle exposures and blood DNA methylation 

age: findings from the VA normative aging study. Environ Epigenet. 2016;2. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

233 

 

361. Hou L, Zhu ZZ, Zhang X, Nordio F, Bonzini M, Schwartz J, Hoxha M, Dioni L, Marinelli B, Pegoraro 

V, Apostoli P, Bertazzi PA and Baccarelli A. Airborne particulate matter and mitochondrial damage: a cross-

sectional study. Environ Health. 2010;9:48. 

362. Zhong J, Karlsson O, Wang G, Lie J, Guog Y, Linh  X, Zemplenyi M, Sanchez-Guerrai M, Trevisi L, 

Urch B, Speck M, Liang L, Coull BA, Koutrakis P, Silverman F, Gold DR, Wue T and Baccarelli AA. B 

vitamins attenuate the epigenetic effects of ambient fine particles in a pilot human intervention trial. 

Proceedings of the National Academy of Sciences. 2017;114:3503-3508. 

363. Hou L, Wang S, Dou C, Zhang X, Yu Y, Zheng Y, Avula U, Hoxha M, Diaz A, McCracken J, Barretta 

F, Marinelli B, Bertazzi PA, Schwartz J and Baccarelli AA. Air pollution exposure and telomere length in 

highly exposed subjects in Beijing, China: a repeated-measure study. Environ Int. 2012;48:71-7. 

364. Dioni L, Hoxha M, Nordio F, Bonzini M, Tarantini L, Albetti B, Savarese A, Schwartz J, Bertazzi PA, 

Apostoli P, Hou L and Baccarelli A. Effects of short-term exposure to inhalable particulate matter on telomere 

length, telomerase expression, and telomerase methylation in steel workers. Environ Health Perspect. 

2011;119:622-7. 

365. McCracken J, Baccarelli A, Hoxha M, Dioni L, Melly S, Coull B, Suh H, Vokonas P and Schwartz J. 

Annual ambient black carbon associated with shorter telomeres in elderly men: Veterans Affairs Normative 

Aging Study. Environ Health Perspect. 2010;118:1564-70. 

366. Pieters N, Janssen BG, Dewitte H, Cox B, Cuypers A, Lefebvre W, Smeets K, Vanpoucke C, Plusquin 

M and Nawrot TS. Biomolecular Markers within the Core Axis of Aging and Particulate Air Pollution Exposure 

in the Elderly: A Cross-Sectional Study. Environ Health Perspect. 2016;124:943-950. 

367. Pergoli L, Cantone L, Favero C, Angelici L, Iodice S, Pinatel E, Hoxha M, Dioni L, Letizia M, Albetti 

B, Tarantini L, Rota F, Bertazzi P-A, Tirelli A, Dolo V, Cattaneo A, Vigna L, Battaglia C, Carugno M, Bonzini 

M, Pesatori AC and Bollati V. Extracellular vesicle-packaged miRNA release after short-term exposure to 

particulate matter is associated with increased coagulation. Part Fibre Toxicol. 2017;14:32. 

368. Vlaanderen JJ, Janssen NA, Hoek G, Keski-Rahkonen P, Barupal DK, Cassee FR, Gosens I, Strak M, 

Steenhof M, Lan Q, Brunekreef B, Scalbert A and Vermeulen RCH. The impact of ambient air pollution on the 

human blood metabolome. Environmental Research Letters. 2017;156:341-48. 

369. Currie J and Walker R. Traffic congestion and infant health: evidence 

from E-ZPass. . Am Econ J: Appl Econ. 2011;3:65–90. 

370. Su C, Hampel R, Franck U, Wiedensohler A, Cyrys J, Pan X, H-E. W, Peters A, Schneider A, Breitner S 

and ;142:112–22. ER. Assessing responses of cardiovascular mortality to particulate matter air pollution for pre-

, during- and post-2008 Olympics periods. 2015;142:112-22. 

371. Verhoeff AP, Hoek G, Schwartz J and van Wijnen JH. Air pollution and daily mortality in Amsterdam. 

Epidemiology. 1996;7:225-30. 

372. Touloumi G, Katsouyanni K, Zmirou D, Schwartz J, Spix C, de Leon AP, Tobias A, Quennel P, 

Rabczenko D, Bacharova L, Bisanti L, Vonk JM and Ponka A. Short-term effects of ambient oxidant exposure 

on mortality: a combined analysis within the APHEA project. Air Pollution and Health: a European Approach. 

Am J Epidemiol. 1997;146:177-85. 

373. Bell ML, Dominici F and Samet JM. A meta-analysis of time-series studies of ozone and mortality with 

comparison to the national morbidity, mortality, and air pollution study. Epidemiology. 2005;16:436-45. 

374. Levy JI, Chemerynski SM and Sarnat JA. Ozone exposure and mortality: an empiric bayes 

metaregression analysis. Epidemiology. 2005;16:458-68. 

375. Ito K, De Leon SF and Lippmann M. Associations between ozone and daily mortality: analysis and 

meta-analysis. Epidemiology. 2005;16:446-57. 

376. Bell ML, Peng RD and Dominici F. The exposure-response curve for ozone and risk of mortality and the 

adequacy of current ozone regulations. Environ Health Perspect. 2006;114:532-6. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

234 

 

377. Schwartz J. How sensitive is the association between ozone and daily deaths to control for temperature? 

Am J Respir Crit Care Med. 2005;171:627-31. 

378. Franklin M and Schwartz  J. The Impact of Secondary Particles on the Association between Ambient 

Ozone and Mortality. Environ Health Perspect. 2008. 

379. Di Q, Dai L, Wang Y, Zanobetti A, Choirat C, Schwartz JD and Dominici F. Association of Short-term 

Exposure to Air Pollution With Mortality in Older Adults. Jama. 2017;318:2446-2456. 

380. Zanobetti A and Schwartz J. Mortality displacement in the association of ozone with mortality: an 

analysis of 48 cities in the United States. Am J Respir Crit Care Med. 2008;177:184-9. 

381. Jerrett M, Burnett RT, Pope CA, 3rd, Ito K, Thurston G, Krewski D, Shi Y, Calle E and Thun M. Long-

term ozone exposure and mortality. N Engl J Med. 2009;360:1085-95. 

382. Zanobetti A and Schwartz J. Ozone and survival in four cohorts with potentially predisposing diseases. 

Am J Respir Crit Care Med. 2011;184:836-41. 

383. Zanobetti A, O'Neill MS, Gronlund CJ and Schwartz JD. Summer temperature variability and long-term 

survival among elderly people with chronic disease. Proc Natl Acad Sci U S A. 2012;109:6608-13. 

384. Crouse DL, Peters PA, Hystad P, Brook JR, van Donkelaar A, Martin RV, Villeneuve PJ, Jerrett M, 

Goldberg MS, Pope CA, Brauer M, Brook RD, Robichaud A, Menard R and Burnett RT. Ambient PM2.5, O3, 

and NO2 Exposures and Associations with Mortality over 16 Years of Follow-Up in the Canadian Census 

Health and Environment Cohort (CanCHEC). Environ Health Perspect. 2015;123:1180-6. 

385. Di Q, Dominici F and Schwartz JD. Air Pollution and Mortality in the Medicare Population. N Engl J 

Med. 2017;377:1498-9. 

386. Madrigano J, Jack D, Anderson GB, Bell ML and Kinney PL. Temperature, ozone, and mortality in 

urban and non-urban counties in the northeastern United States. Environ Health. 2015;14:3. 

387. Hao Y, Balluz L, Strosnider H, Wen XJ, Li C and Qualters JR. Ozone, Fine Particulate Matter, and 

Chronic Lower Respiratory Disease Mortality in the United States. Am J Respir Crit Care Med. 2015;192:337-

41. 

388. Green R, Broadwin R, Malig B, Basu R, Gold E, Qi L, Sternfeld B, Bromberger J, Greendale G, Kravitz 

H, Tomey K, Matthews K, Derby C, Jackson E, Green R and Ostro B. Long-and Short-Term Exposure To Air 

Pollution and Inflammatory/Hemostatic Markers in Midlife Women. Epidemiology (Cambridge, Mass). 2015. 

389. Kahle J, Neas L, Devlin R, Case M, Schmitt M, Madden M and Diaz-Sanchez D. Interaction effects of 

temperature and ozone on lung function and markers of systemic inflammation, coagulation, and fibrinolysis: a 

crossover study of healthy young volunteers. Environ Health Perspect. 2015;123:310-6. 

390. Paffett M, Zychowski K, Sheppard L, Robertson S, Weaver J, Lucas S and Campen M. Ozone 

Inhalation Impairs Coronary Artery Dilation via Intracellular Oxidative Stress: Evidence for Serum-Borne 

Factors as Drivers of Systemic Toxicity. Toxicological sciences : an official journal of the Society of 

Toxicology. 2015;146:244-53. 

391. Silverman RA and Ito K. Age-related association of fine particles and ozone with severe acute asthma in 

New York City. J Allergy Clin Immunol. 2010;125:367-373 e5. 

392. Hazucha MJ. Relationship between ozone exposure and pulmonary function changes. J Appl Physiol. 

1987;62:1671-80. 

393. Hoppe P, Peters A, Rabe G, Praml G, Lindner J, Jakobi G, Fruhmann G and Nowak D. Environmental 

ozone effects in different population subgroups. International journal of hygiene and environmental health. 

2003;206:505-16. 

394. Arjomandi M, Witten A, Abbritti E, Reintjes K, Schmidlin I, Zhai W, Solomon C and Balmes J. 

Repeated exposure to ozone increases alveolar macrophage recruitment into asthmatic airways. American 

journal of respiratory and critical care medicine. 2005;172:427-32. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

235 

 

395. Lagorio S, Forastiere F, Pistelli R, Iavarone I, Michelozzi P, Fano V, Marconi A, Ziemacki G and Ostro 

BD. Air pollution and lung function among susceptible adult subjects: a panel study. Environ Health. 

2006;5:11. 

396. Danesh-Yazdi M, Wang Y, Di  Q, Zanobetti A and Schwartz J. Long-term exposure to PM2.5 and ozone 

and hospital admissions of Medicare participants in the Southeast USA. Environ Int. 2019;130:104879. 

397. O'Lenick CR, Chang HH, Kramer M, Winquist A, Mulholland J, Friberg M and Ebelt S. Ozone and 

childhood respiratory disease in three US cities: evaluation of effect measure modification by neighborhood 

socioeconomic status using a Bayesian hierarchical approach. Environmental Health. 2017;16:36. 

398. Watkinson WP, Campen MJ, Nolan JP and Costa DL. Cardiovascular and systemic responses to inhaled 

pollutants in rodents: effects of ozone and particulate matter. Environmental health perspectives. 2001;109:539-

46. 

399. Chuang KJ, Chan CC, Su TC, Lee CT and Tang CS. The effect of urban air pollution on inflammation, 

oxidative stress, coagulation, and autonomic dysfunction in young adults. American journal of respiratory and 

critical care medicine. 2007;176:370-6. 

400. Gold DR, Litonjua A, Schwartz J, Lovett E, Larson A, Nearing B, Allen G, Verrier M, Cherry R and 

Verrier R. Ambient pollution and heart rate variability. Circulation. 2000;101:1267-73. 

401. Park SK, O'Neill M S, Vokonas PS, Sparrow D and Schwartz J. Effects of Air Pollution on Heart Rate 

Variability: The VA Normative Aging Study. Environmental health perspectives. 2005;113:304-9. 

402. Devlin RB, Duncan KE, Jardim M, Schmitt MT, Rappold AG and Diaz-Sanchez D. Controlled exposure 

of healthy young volunteers to ozone causes cardiovascular effects. Circulation. 2012;126:104-11. 

403. Guevara-Guzman R, Arriaga V, Kendrick KM, Bernal C, Vega X, Mercado-Gomez OF and Rivas-

Arancibia S. Estradiol prevents ozone-induced increases in brain lipid peroxidation and impaired social 

recognition memory in female rats. Neuroscience. 2009;159:940-50. 

404. Rivas-Arancibia S, Guevara-Guzman R, Lopez-Vidal Y, Rodriguez-Martinez E, Zanardo-Gomes M, 

Angoa-Perez M and Raisman-Vozari R. Oxidative stress caused by ozone exposure induces loss of brain repair 

in the hippocampus of adult rats. Toxicol Sci. 2010;113:187-97. 

405. Zhang S, Breitner S, Cascio W, Devlin R, Neas L, Diaz-Sanchez D, Kraus WE, Schwartz J, Hauser ER, 

Peters A and Schneider A. Short-term effects of fine particulate matter and ozone on the cardiac conduction 

system in patients undergoing cardiac catheterization. Part Fibre Toxicol. 2018;15:38. 

406. Miller D, Ghio AJ, Karoly ED, Bell LN, Snow SJ, Madden M, Soukup J, Cascio W, Gilmour MI and 

Kodavanti UP. Ozone Exposure Increases Circulating Stress Hormones and Lipid Metabolites in Humans. Am J 

Resp Crit Care. 2018;193:1382-91. 

407. Hamra G, Laden F, Cohen A, Raaschou-Nielsen O, Brauer M, Loomis D and :;. Lung cancer and 

exposure to nitrogen dioxide and traffic: a systematic review and meta-analysis. Environ 

Health Perspect. 2015;123:1107–1112. 

408. Mills I, Atkinson R, Kang S, Walton H and R. AH. Quantitative systematic review of the associations 

between short-term exposure to nitrogen dioxide and mortality and hospital admissions. BMJ Open 

2015. 

409. Zheng X-y, Ding H, Jiang L-n, Chen S-w, Zheng J-p, Qiu M and al. e. Association between Air 

Pollutants and Asthma Emergency Room Visits and Hospital Admissions in Time Series Studies: A Systematic 

Review and Meta-Analysis. . PLoS ONE. 2015;10. 

410. Faustini A, Rapp R and Forastiere F. Nitrogen Dioxide and Mortality: Review and meta-analysis of 

long-term studies. Eur Respir J. 2014;44:744–753. 

411. Lin S, Munsie J, Hwang S, Fitzgerald E and Cayo M. Childhood asthma hospitalization and residential 

exposure to state route traffic. Environ Res. 2002;88:73-81. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

236 

 

412. Gehring U, Cyrys J, Sedlmeir G, Brunekreef B, Bellander T, Fischer P, Bauer CP, Reinhardt D, 

Wichmann HE and Heinrich J. Traffic-related air pollution and respiratory health during the first 2 yrs of life. 

Eur Respir J. 2002;19:690-8. 

413. Brauer M, Hoek G, Van Vliet P, Meliefste K, Fischer PH, Wijga A, Koopman LP, Neijens HJ, Gerritsen 

J, Kerkhof M, Heinrich J, Bellander T and Brunekreef B. Air pollution from traffic and the development of 

respiratory infections and asthmatic and allergic symptoms in children. Am J Respir Crit Care Med. 

2002;166:1092-8. 

414. Venn A, Lewis S, Cooper M, Hubbard R and Britton J. Living near a main road and the risk of wheezing 

illness in children. Am J Respir Crit Care Med. 2001;164:2177-80. 

415. Bose S, Chiu YM, Hsu HL, Di Q, Rosa MJ, Lee A, Kloog I, Wilson A, Schwartz J, Wright RO, Cohen 

S, Coull BA and Wright RJ. Prenatal Nitrate Exposure and Childhood Asthma: Influence of Maternal Prenatal 

Stress and Fetal Sex. Am J Respir Crit Care Med. 2017. 

416. Gong H, Linn W, Clark K, Anderson K, Geller M and Sioutas C. Respiratory responses to exposures 

with fine particulates and nitrogen dioxide in the elderly with and without COPD. Inhal Toxicol 2005;17:123-

132. 

417. Morrow P, Utell M, Bauer M, Smeglin A, Frampton M, Cox C, Speers D and Gibb F. Pulmonary 

performance of elderly normal subjects and subjects with chronic obstructive pulmonary disease exposed to 0.3 

ppm nitrogen dioxide. Am J Respir Crit Care Med. 1992; 145:291-300. 

418. Linn W, Shamoo D, Spier C, Valencia L, Anzar U, Venet T, Avol E and Hackney J. Controlled 

exposure of volunteers with chronic obstructive pulmonary disease to nitrogen dioxide. Arch Environ Health. 

1985;40:313-317. 

419. Vagaggini B, Paggiaro P, Giannini D, Franco A, Cianchetti S, Carnevali S, Taccola M, Bacci E, 

Bancalari L, Dente F and Giuntini C. Effect of short-term NO2 exposure on induced sputum in normal, 

asthmatic and COPD subjects. Eur Respir J. 1996;9. 

420. Parker R, Davis J, Cassell G, White H, Dziedzic D, Blalock D, Thorp R and Simecka J. Short-term 

exposure to nitrogen dioxide enhances susceptibility to murine respiratory mycoplasmosis and decreases 

intrapulmonary killing of Mycoplasma pulmonis. Am J Respir Crit Care Med. 1989;140:502-512. 

421. Folinsbee L, Horvath S, Bedi J and Delehunt J. Effect of 0.62 ppm NO2 on cardiopulmonary function in 

young male nonsmokers. Environ Res. 1978;15:199-205. 

422. Huang Y, Rappold A, Graff D, Ghio A and Devlin R. Synergistic effects of exposure to concentrated 

ambient fine pollution particles and nitrogen dioxide in humans. Inhal Toxicol. 2012; 24:790-797. 

423. Lopez AD, Mathers CD, Ezzati M, Jamison DT and Murray CJL. Global Burden of Disease and Risk 

Factors. New York; 2006. 

424. Cohen AJ, Ross Anderson H, Ostro B, Pandey KD, Krzyzanowski M, Kunzli N, Gutschmidt K, Pope A, 

Romieu I, Samet JM and Smith K. The global burden of disease due to outdoor air pollution. J Toxicol Environ 

Health A. 2005;68:1301-7. 

425. Kaiser R, Romieu I, Medina S, Schwartz J, Krzyzanowski M and Kunzli N. Air pollution attributable 

postneonatal infant mortality in U.S. metropolitan areas: a risk assessment study. Environ Health. 2004;3:4. 

426. Ostro BD, Tran H and Levy JI. The health benefits of reduced tropospheric ozone in California. J Air 

Waste Manag Assoc. 2006;56:1007-21. 

427. Kunzli N, Kaiser R, Medina S, Studnicka M, Chanel O, Filliger P, Herry M, Horak F, Jr., Puybonnieux-

Texier V, Quenel P, Schneider J, Seethaler R, Vergnaud JC and Sommer H. Public-health impact of outdoor 

and traffic-related air pollution: a European assessment. Lancet. 2000;356:795-801. 

428. Cifuentes L, Borja-Aburto VH, Gouveia N, Thurston G and Davis DL. Assessing the health benefits of 

urban air pollution reductions associated with climate change mitigation (2000-2020): Santiago, Sao Paulo, 

Mexico City, and New York City. Environ Health Perspect. 2001;109 Suppl 3:419-25. 



  Privileged and Confidential 

  Subject to Protective Order 

  Reflects Confidential Business Information 

 

237 

 

429. APHEIS - Air Pollution and Health: a European Information System. Health impact assessment of air 

pollution in 26 European cities. Second-year report 2000-01. 2001. 

430. Fann N, Lamson AD, Anenberg SC, Wesson K, Risley D and Hubbell BJ. Estimating the National 

Public Health Burden Associated with Exposure to Ambient PM(2.5) and Ozone. Risk Anal. 2012;32:81-95. 

431. Anenberg SC, Horowitz LW, Tong DQ and West JJ. An estimate of the global burden of anthropogenic 

ozone and fine particulate matter on premature human mortality using atmospheric modeling. Environ Health 

Perspect. 2010;118:1189-95. 

432. Shindell D, Kuylenstierna J, Vignati E, van Dingenen R, Amann M, Klimont Z, Anenberg S, Muller N, 

Janssens-Maenhout G, Raes F, Schwartz J, Faluvegi G, Pozzoli L, Kupiainen K, Höglund-Isaksson L, 

Emberson L, Streets D, Ramanathan V, Hicks K, Kim O, Milly G, Williams M, Demkine V and Fowler D. 

Simultaneously mitigating near-term climate change and improving human health and food security. Science. 

2012;13 Jan 183-89. 

433. Philip Wolfe P, Davidson K, Fulcher C, Fann N, Zawack M and Baker K. Monetized health benefits 

attributable to mobile source emission reductions across the United States in 2025. Science of the Total 

Environment. 2019:2490–2498. 

434. EPA US. Regulatory Impact Analysis of the Cross-State Air Pollution Rule (CSAPR) Update for the 

2008 National Ambient Air Quality Standards for Ground-Level Ozone. 2016. 

435. Abt Associates Inc. Co-Control Benefits of Greenhouse Gas Control Policies. 1999. 

436. EPA. US. echnical Support Document for EPA’s Multi-Pollutant Analysis.  Methods for Projection of 

Health Benefits for EPA’s Multi-Pollutant Analyses of 2005. 2005. 

437. EPA. US. The Benefits and Costs of the Clean Air Act: 1990 to 2010: EPA Report to Congress. . 1999. 

438. Viscusi WK and Aldy JE. The Value of a Statistical Life: A Critical Review of Market Estimates 

Throughout the World. J of Risk and Uncertainty. 2003; 27:5-76. 

439. Alberini A. What is a Life Worth? Robustness of VSL Values from Contingent Valuation Surveys. Risk 

Analysis. 2005;25:783-800. 

440. NAVCAA00855893. 

441. Eastern Research Group, Inc., Expert Report, Mobile Source Emissions, October 3, 2019. 

442. Navistar-emissions-estimate-SUBJECT-20190927.xlsx(Eastern Research Group, Inc.) 

443.  Navistar-emissions-estimate-SUBJECT-20190927.xlsx(Eastern Research Group, Inc.) 

444. Curjuric I, Imboden M, Schindler C, Downs SH, Hersberger M, Liu SLJ, Matyas G, Russi EW, 

Schwartz J, Thun GA, Postma DS, Tochat T Probst-Hensch N, and SAPALDIA team. HMOX and GST 

variants modify attenuation of FEF25-75 decline due to PM10 reduction. E Resp J, 2009 

 



  1 

CURRICULUM VITAE 
February 14, 2019 

 
 
NAME:    JOEL SCHWARTZ 
 
ADDRESS:   207 Lincoln Street, Newton Highlands, MA   
 
PLACE OF BIRTH:  New York, New York 
 
EDUCATION: 
 
 1969   B.A.  Brandeis University 
 1980   Ph.D.  Brandeis University (Theoretical Physics) 
 2010 M.D.   University of Basel, Honorus Causa 
 
 
ACADEMIC APPOINTMENTS: 
 2005 to present Professor of Environmental Epidemiology, Harvard School of    
    Public Health 
    Director, Harvard Center for Risk Analysis 
 
 1994 -2004  Associate Professor of Environmental Epidemiology, HSPH  
 1994 -   Associate Professor of Medicine, Harvard Medical School 
 1991-1993  Lecturer, Department of Environmental Health, Harvard School of Public Health 
  
 
HOSPITAL APPOINTMENTS: 
 
 1994 -   Associate Epidemiologist, Brigham and Women’s Hospital 
 
 
OTHER PROFESSIONAL POSITIONS AND MAJOR VISITING APPOINTMENTS:          
 
 1977-1979  Legislative Assistant for Energy and Environment, Congressman Timothy Wirth 
 1979-1987  Staff Scientist, U.S. Environmental Protection Agency 
 1987-1988  Visiting Scientist, Department of Biostatistics, Harvard School of Public Health 
 1989,1994  Visiting Scientist, Department of Social and Preventive Medicine 
    University of Basel, Switzerland 
 1990  Visiting Scientist, Department of Occupational Safety and Environmental Health 

University of Wuppertal, Germany 
 1989-1993  Senior Scientist, U.S. Environmental Protection Agency 
 
 
HONORS AND DISTINCTIONS: 
            2008 John Goldsmith Career Achievement Award, International Society for 

Environmental Epidemiology 
2001 Nichols Teaching Award, Harvard School of Public Health 

           2001 International Union of Environmental Protection Agencies World Congress Award 



  2 

           1999 Twentieth Century Distinguished Service Award, Lukacs Symposium for Statistical 
Ecology and Environmental Statistics 

 1991   John D and Catherine T MacArthur Fellowship 
 1984,1986  U.S. Environmental Protection Agency Silver Medal 
 1988-89-90-92,14 U.S. Environmental Protection Agency Scientific Achievement Award 
 1991   Alumni Achievement Award, Brandeis University 
 
MAJOR COMMITTEE ASSIGNMENTS: 
 
National  
 
 1985  Preventing Lead Poisoning in Young Children document, Consultant, Centers for 

Disease Control  
 1988   Advisory Committee, Boston Soil Lead Study 
 1989-1992  EPA Environmental Health Review Panel, Environmental Protection Agency 
 1989-1993 National Academy of Science, Committee on Assessing Lead Exposure in Critical 

Populations 
 1990-1993  National Academy of Science, Committee on Environmental Epidemiology 
 1992    Advisory Committee, Resources for the Future Center for Risk Management, 

Public Health/ Environmental Health Risk Studies 
 1992   Environmental Epidemiology Advisory Committee, Pew Memorial Trusts 
 1992   Ethics Committee, International Society for Environmental Epidemiology 
 1992  Reviewing Committee, Office of Technology Assessment for Identifying and 

Controlling Pulmonary Toxicants 
 1992-6   Technical Advisory Committee, Alliance to End Childhood Lead Poisoning 
 1992  Technical Advisory Committee, New York State Environmental Externalities Cost 

Study 
 1993  Subcommittee on Lead, National Advisory Committee on Environmental Policies 

and Technology 
 1993-2002  Research Advisory Committee, National Center for Lead Safe Housing 
 1994-2002 Center for Disease Control, Advisory Committee on Childhood Lead Poisoning 

Prevention 
 1994-2005 Mickey Leland National Urban Air Toxic Research Center, Scientific Advisory 

Panel 
1995-7 Environmental Statistics Subcommittee, National Advisory Committee on 

Environmental Policy and Technology       
 1998       Franklin Institute Science Medal Prize Committee 
 2003-2005  HSPH Disciplinary Committee, Chair 
 2004-present  Steering Committee, Harvard University Center for the Environment 
 2005   EPA Science Advisory Board, Ad Hoc All Ages Lead Committee  
 2005-2008  Councilor, International Society for Environmental Epidemiology 
 2005-2010  Editorial Board, American Journal of Respiratory and Critical Care Medicine 
 2005-2008  EPA Lead Clean Air Science Advisory Committee 

2014-17  National Research Council. Standing Committee on Use of Emerging Science for    
Environmental Health Decisions 

 
International 
 
 1993-2004 European Economic Community Studies on Air Pollution, Daily Mortality, and 

Hospital Emergency Visits, Advisor 



  3 

 1993  Advisory Committee, European Economic Community Panel Studies on Air 
Pollution, Pulmonary Function, and Respiratory Function 

 2000-2004  Chair, Statistics Advisory Committee, APHEIS Project 
 2011-2016  Advisory Committee, Southeastern Center for Air Pollution and Epidemiology 
 2016-present  World Health Organization Global Platform on Air Quality and Health 
 
 
PROFESSIONAL SOCIETIES: 
 
         1987   American Statistical Association 
         1988   American Thoracic Society 
         1990   Society for Epidemiologic Research 
        1991   International Society for Environmental Epidemiology 
         

Editorial Board 
2003-4            Epidemiology Editor, International Journal of Biometeorology 

 2005-2010  Editorial Board, American Journal of Respiratory and Critical Care Medicine 
 
MAJOR RESEARCH INTERESTS: 
 
 1.  Respiratory Epidemiology 
 2.  Air, Water and Lead Epidemiology 
 3.  Epidemiologic Methods 
 4.  Cost-Benefit Analysis 
 5. Exposure Assessment 
 
 
TEACHING EXPERIENCE: 
   
 1992-2008  Environmental Epidemiology Course, University of Basel 
    @ 30-40 Graduate Students 
    35 class hours 
 
 1994, 97,99,2009-12,14,18 Advanced Topics in Environmental Epidemiology, University of   
     Basel, @ 20 Graduate Students, 35 class hours 
 
 1995   Short Course on Advanced Regression Analysis in      
    Environmental Epidemiology, San Miniato, Italy @ 23 Graduate    
    Students, 35 class hours 
 
 1996–present  Professor, ID 271 HSPH, joint course on Advanced Regression    
    Analysis for Departments of Epidemiology, Environmental Health,    
    and Biostatistics, 21 Graduate Students, 35 class hours 
  
            2010-present Professor, EPI 204, Methods for analyzing case control, cohort, and other studies, 

100 graduate students, 35 class hours 
 
 2007-present  Professor, EH520 Seminar on preparing research proposals 
 
 2007-2011,16  Environmental Epidemiology, Cyprus International Institute 



  4 

  
1998 European Course on methods for Poisson Time Series, Santorini Greece, @40 

Graduate Students, 35 hours 
 
1998 Short Course on Advanced Regression in Environmental Epidemiology, Annual 

meeting of International Society for Environmental Epidemiology, 45 Graduate 
Students, 7 hours 

 
1999 European Course on methods of Meta-analysis. Santorini Greece, 40 students, 24 

course hours 
 

2006 Environmental Epidemiology, National Institute of Public Heath, Mexico 40 
students 30 hours 

 
2012 Topics in Environmental Epidemiology, Summer Institute, Tel Aviv University 
 
2015 Causal Inference in Epidemiology, Sapiensa University, Rome Italy 
 
2016,17 Environmental Epidemiology, Public Health Foundation of India, 48 hours 
 
2018 Causal Modeling in Environmental Epidemiology, Public Health Foundation of 

India, 35 hours 



  5 

BIBLIOGRAPHY 
 
Original Reports: (H-index=137) 

 
1.   Pirkle J, Schwartz J, Landis R, Harlin W. The relationship between blood lead levels and blood pressure 

and its cardiovascular risk implications. Am J Epid 1985;121:246-258. 
 
2. Schwartz J, Angle C, Pitcher H. Relationship between childhood blood lead levels and stature. Pediatrics 

1986;77:281-288. 
 
3. Marcus A, Schwartz J. Dose-response curves for erythrocyte protoporphyrin vs blood lead: Effect of iron 

status. Environ Res 1987;44:221-227. 
 
4. Schwartz J, Otto D. Blood lead levels, hearing thresholds, and neurological development in NHANES II 

children. Arch Environ Health 1987;42:153-162. 
 
5. Schwartz J, Landrigan PJ, Silbergeld E, Feldman R, Baker E, Von Lindern I. Does lead-induced 

peripheral neuropathy exhibit a threshold? J Pediatrics 1988;112:12-17. 
 
6. Silbergeld E, Schwartz J, Mahaffey K. Lead and osteoporosis: Mobilization of lead from bone in 

postmenopausal women. Environ Res 1988;47:79-94. 
 
7. Schwartz J, Haselblad V, Pitcher H. Air pollution and morbidity: A further analysis of the Los Angeles 

student nurses data. JAPCA 1988;38:158-162. 
 
8. Davis D, Schwartz J. Trends in cancer mortality in U.S. white males and females, 1968-1983. Lancet 

1988;633-636. 
 
9. Schwartz J. The relationship between blood lead and blood pressure in the NHANES II survey. Environ 

Health Persp 1988;78:15-22. 
 
10. Schwartz J, Katz S, Fegley R, Tockman M. Sex and race differences in the development of lung function. 

Am Rev Respir Dis 1988;138:1415-1421. 
 
11. Schwartz J, Katz S, Fegley R, Tockman M. Analysis of spirometric data from a national sample of 

healthy 6-24 year olds. Am Rev Respir Dis 1988;138:1405-1414. 
 
12. Schwartz J. Lung function and chronic exposure to air pollution: A cross-sectional analysis of NHANES 

II. Environ Res 1989;50:309-321. 
 
13. Schwartz J, Pitcher H. The relationship between gasoline lead and blood lead in the United States. J Off 

Stat 1989;5:421-431. 
 
14. Schwartz J, Landrigan PJ, Baker EL, Orenstein WA, Von Lindern IH. Lead induced anemia: Dose-

response relationships and evidence for a threshold. Am J Pub Health 1990;80:165-168. 
 
15. Davis DL, Hoel D, Percy C, Ahlbom A, Schwartz J. Is brain cancer mortality increasing in industrial 

countries? Ann New York Acad Sci 1990;609:191-204. 
 



  6 

16. Schwartz J. Multinational trends in cancer mortality rates: Methodological issues and results. Ann New 
York Acad Sci 1990;609:136-145. 

 
17. Schwartz J. Multinational trends in multiple myeloma.  Ann New York Acad Sci 1990;609:215-224. 
 
18. Crocetti AF, Mushak P, Schwartz J. Determination of numbers of lead-exposed women of childbearing 

age and pregnant women. Environ Health Perspect 1990;89:121-124. 
 
19. Crocetti AF, Mushak P, Schwartz J. Determination of numbers of lead-exposed U.S. children by areas of 

the United States. Environ Health Perspect 1990;89:109-120. 
 
20. Schwartz J, Marcus A. Mortality and air pollution in London: A time series analysis.  Am J Epid 

1990;131:185-194. 
 
21. Schwartz J, Zeger S. Passive smoking, air pollution, and acute respiratory symptoms in a diary study of 

student nurses. Am Rev Respir Dis 1990;141:62-67. 
 
22. Schwartz J, Gold D, Dockery DW, Weiss ST, Speizer FE. Predictors of asthma and persistent wheeze in 

a national sample of U.S. children: Association with social class, perinatal events and race. Am Rev 
Respir Dis 1990;142:555-562. 

 
23. Schwartz J, Weiss ST. Dietary factors and their relationship to respiratory symptoms. NHANES II. Am J 

Epid 1990;132:67-77. 
 
24. Schwartz J. Lead, blood pressure, and cardiovascular disease in men and women. Environ Health 

Perspect 1991;91:71-77. 
 
25. Schwartz J, Dockery DW, Wypij D, Ware J, Zeger S, Spengler J, Speizer FE, Ferris BG Jr. Daily diaries 

of respiratory symptoms and air pollution: Methodological issues and results. Environ Health Perspect 
1991;90:181-188. 

 
26. Schwartz J, Levin R. The risk of lead toxicity in homes with lead paint hazard. Environ Res 1991;54:1-7. 
 
27. Chestnut LG, Schwartz J. Savitz DA, Burchfiel CM. Pulmonary function and ambient particulate matter: 

Epidemiological evidence from NHANES I. Arch Environ Health 1991;46:135-144. 
 
28. Schwartz J, Otto D. Lead and minor hearing impairment. Arch Environ Health 1991;46:300-305. 
 
29. Schwartz J, Spix C, Wichmann HE, Malin E. Air pollution and acute respiratory illness in five German 

communities. Environ Res 1991;56:1-14. 
 
30. Schwartz J. Particulate air pollution and daily mortality in Detroit. Environ Res 1991;56:204-213. 
 
31. Schwartz J, Weiss ST. Host and environmental factors influencing the peripheral blood leukocyte count. 

Am J Epid 1991;134:1402-1409. 
 
32. Schwartz J, Dockery DW. Particulate air pollution and daily mortality in Steubenville, Ohio. Am J Epid 

1992;135:12-20. 
 



  7 

33. Braun-Fahrlander C, Ackerman-Liebrich U, Schwartz J, Grehm HP, Rutishausser M, Wanner HU. Air 
pollution and respiratory symptoms in pre-school children. Am Rev Respir Dis 1992;145:42-47. 

 
34. Schwartz J, Dockery DW. Increased mortality in Philadelphia associated with daily air pollution 

concentrations.  Am Rev Respir Dis 1992;145:600-604. 
 
35. Schwartz J. Air pollution and the duration of acute respiratory symptoms.  Arch Environ Health 

1992;42(2):116-122. 
 
36. Pope CA, Schwartz J, Ransom M. Daily mortality and PM10 pollution in Utah Valley. Arch Environ Health 

1992;42(3):211-217. 
 
37. Schwartz J, Weiss ST. Caffeine intake and asthma symptoms.  Ann Epid 1992;2:627-635. 
 
38. Dockery DW, Schwartz J, Spengler JD. Air pollution and daily mortality: Associations with particulates 

and acid aerosols.  Environ Res 1992;59:362-373. 
 
39. Schwartz J. Particulate air pollution and daily mortality: A synthesis. Pub Health Rev 1992;19:39-60. 
 
40. Schwartz J, Weiss ST. Peripheral blood leukocyte count and respiratory symptoms. Ann Epid 1993;57-

63. 
 
41. Schwartz J, Koenig J, Slater D, Larson T. Particulate air pollution and hospital emergency visits for 

asthma in Seattle. Am Rev Respir Dis 1993;147:826-831. 
 
42. Schwartz J. Beyond LOEL's, p-values, and vote counting: Methods for looking at the strengths and 

shapes of associations. Neurotoxicol 1993;14:237-246.  
 
43. Schwartz J. Particulate air pollution and chronic respiratory disease. Environ Res 1993;62:7-13. 
 
44. Schwartz J, Weiss ST. Prediction of respiratory symptoms by peripheral blood neutrophils and 

eosinophils in the First National Nutrition Examination Survey (NHANES I). Chest 1993;104:1210-1215. 
 
45. Schwartz J. Air pollution and daily mortality in Birmingham, Alabama. Am J Epid 1993;137:1136-1147. 
 
46. Spix C, Heinrich J, Dockery DW, Schwartz J, Vollcoh G, Schwinkowski K, Collen C, Wichmann HE. Air 

pollution and daily mortality in Erfurt, East Germany from 1980-1989. Environ Health Perspect 
1993;101:518-526. 

 
47. Schwartz J, Weiss ST. Relationship between dietary vitamin C intake and pulmonary function in the First 

National Health and Nutrition Examination Survey (NHANES I). Am J Clin Nutr 1994;59:110-114. 
 
48. Schwartz J. What are people dying of on high air pollution days? Environ Res 1994;64:26-35. 
 
49. Schwartz J. Air pollution and daily mortality: A review and meta-analysis. Environ Res 1994;64:36-52. 
 
50. Schwartz J. Low level lead exposure and children's IQ: A meta-analysis and search for a threshold. 

Environ Res 1994; 65:42-55. 
 



  8 

51. Schwartz J, Dockery DW, Neas LM, Wypij D, Ware JH, Spengler JD, Koutrakis P, Speizer FE, Ferris BG 
Jr. Acute effects of summer air pollution on respiratory symptom reporting in children. Am J Respir Crit 
Care Med 1994; 150:1234-1242. 

 
52. Schwartz J. Societal benefits of reducing lead exposure. Environ Res 1994; 66:105-124. 
 
53. Schwartz J. PM10, ozone, and hospital admissions for the elderly in Minneapolis-St. Paul, Minnesota  

Arch Environ Health 1994; 49:366-374. 
 
54. Schwartz J. Air pollution and hospital admissions for the elderly in Birmingham, Alabama. Am J Epid 

1994; 139:589-598. 
 
55. Leuenberger P, Schwartz J, Ackermann-Liebrich U and the SPALDIA Team.  Passive smoking exposure 

and chronic respiratory symptoms in adults. Am J Respir Crit Care Med 1994; 150:1222-1228. 
  
56. Schwartz J. Air pollution and hospital admissions for the elderly in Detroit, MI. Am J Respir Crit Care Med 

1994; 150:648-655. 
 
57. Schwartz J, Weiss ST. The relationship of dietary fish intake to level of pulmonary function in first 

National Health and Nutrition Examination Survey (NHANES). Europ Respir J 1994; 7:1821-1824. 
 
58. Schwartz J, Weiss ST.  Cigarette smoking and peripheral blood leukocyte differentials.  Ann Epid 1994; 

4:236-242. 
 
59. Schwartz J. Nonparametric smoothing in the analysis of air pollution and respiratory illness.  Canadian J 

Stat 1994; 22(4):471-487.  
 

60. Schwartz J.  Particulate air pollution and daily mortality in Cincinnati, Ohio. Environ Health Perspect 
1994;102:186-189. 

 
61. Schwartz J. Short term fluctuations in air pollution and hospital admissions of the elderly for respiratory 
disease. Thorax 1995; 50:531-538. 

 
62. Schwartz J  Lead, blood pressure and cardiovascular disease in men. Arch Environ Health 1995; 50:31-
37. 

 
63. Saldiva PHN, Pope CA, Schwartz J, Dockery DW, Lichtenfels HJ, Salge JM, Barone I, Bohm, GM. Air 
pollution and mortality in elderly people: A time series study in Sao Palo, Brazil. Arch Environ Health 1995; 50(2): 
159-163.  

 
64.  Wuthrich B, Schindler C, Leuenberger P, Ackermann-Liebrich U, Alean P, Blaser K, Bolognini 
G, Bongard JP, Brandli O, Braun P, Bron C, Brutsche M, Defila C, Domenighetti G, Elsasser S, Grize L, 
Guldimann P, Hufschmid P, Karrer W, Keller-Wossidlo H, Keller R, Kunzli N, Luthy JC, Martin BW, 
Medici T, Monn C, Peeters AG, Perruchoud AP, Radaelli A, Schwartz J, Solari G, Schoni M, Tschopp 
JM, Villiger B, Zellweger JP, Zemp E. Prevalence of atopy and pollinosis in the adult-population of 
switzerland (SAPALDIA study). International Archives of Allergy and Immunology 106 (2): 149-156 
1995.  

 
65. Schwartz J and Morris R. Air pollution and hospital admissions for cardiovascular disease in 
Detroit, Michigan. Am J Epid 1995, 50:23-35. 



  9 

 
66. Schwartz J and Weiss ST.  Relationship of skin test reactivity to decrements in pulmonary 
function in children with asthma or frequent wheezing. Am J  Respir Crit Care Med 1995;152:2176-2180. 

 
67. Schwartz J.  Editoral: Is carbon monoxide a risk factor for hospital admission for heart failure? Am 
J   

    Pub Health 1995;85(11):1343-1345. 
 

68. Dockery D and Schwartz J.  Particulate air pollution and mortality: More than the Philadelphia 
Story.  Epid 1995; 6(6):629-632. 

 
69. Pope CA III, Dockery DW and Schwartz J.  Review of epidemiological evidence of health effects 
of particulate air pollution. Inhal Toxicol 1995; 7:1-18. 

 
70. Schwartz J.  Air pollution and hospital admissions for respiratory disease.  Epid 1996; 7:20-28. 

 
71. Neas L, Schwartz J.  The determinants of pulmonary diffusing capacity in a national sample of US 
adults.  Am J Resp Crit Care Med 1996;153:656-664. 

 
72. Verhoeff AP, Hoek G, Schwartz J, van Wijnen JH.  Air pollution and daily mortality in Amsterdam, 
the Netherlands.  Epid 1996;7:225-230. 

 
73. Vigotti MA, Rossi G, Bisanti L, Zanobetti A, Schwartz J.  Short term effects of urban air pollution 
on respiratory health in Milan, Italy, 1980-89.  J Epid Comm Health 1996;50(Suppl 1):S71-S75. 

 
74. Brandli O, Schindler C, Kunzli N, Keller R, Perruchoud AP, Leuenberger P, AckermannLiebrich 
U, Alean P, Blaser K, Bolognini G, Bongard JP, Braun P, Bron C, Brutsche M, Defila C, Domenighetti G, 
Elasser S, Grize L, Guldimann P, Hufschmid P, Karrer W, KellerWossidlo H, Luthy JC, Martin BW, 
Medici T, Monn C, Peeters AG, Radaelli A, Schwartz J, Solari G, Schoni M, Tschopp JM, Villiger B, 

Wuthrich B, Zellweger JP, Zemp E. Lung function in healthy never smoking adults: Reference values 

and lower limits of normal of a Swiss population. Thorax; 51 (3): 277-283 1996 . 
 

75. Dockery DW, Schwartz J.   Particulate air pollution and mortality (Authors Reply). Epid 7(2):213-
214. 

 
76. Katsouyanni K, Schwartz J, Spix C, Touloumi G, Zmirou D, Zanobetti A, Wojtyniak B, Vonk JM, 
Tobias A, Ponka A, Medina S, Bacharova L, Anderson HR.  Short  term effects of air pollution on health: a 
European approach using epidemiologic time series data: the APHEA protocol.  J Epid Comm Health 1996; 
50(Suppl 1):S12-S18. 

 
77. Schwartz J, Dockery DW, Neas LM. Is daily mortality associated specifically with fine particles?  J 
Air Waste Manage Assoc 1996;46:2-14. 

 
78. Pope CA III, Schwartz J.  Time series for the analysis of pulmonary health data. Am J Resp Crit 
Care Med 1996;154:S229-S233. 

 
79. Schwartz J, Spix C, Touloumi G, Bacharova L, Barumamdzadeh T, le Tertre A, Piekarksi T, Ponce 
de Leon A Ponka A, Rossi G, Saez M, Schouten JP.  Methodological issues in studies of air pollution and 
daily counts of deaths or hospital admissions.  J Epid Comm Health 1996;50(1):S3-S11. 



  10 

 
80. Ackermann-Liebrich U, Leuenberger P, Schwartz J et al. Lung function and long term exposure 
to air pollutants in Switzerland. Am J Respir Crit Care Med 1997;155:122-129. 

 
81. Schwartz J.  Air pollution and hospital admissions for cardiovascular disease in Tucson. 
Epidemiol 1997; 8:371-377. 

 
82. Katsouyanni K, Touloumi G, Spix C, Schwartz J, Balducci F, Medina S, Rossi G, Wojtyniak B, 
Sunyer J, Bacharova L, Schouten JP, Ponka A, Anderson HR:  Short term effects of ambient sulphur 
dioxide and particulate matter on mortality in 12 European cities: Results from time series data from the 
APHEA project.  BMJ 1997;314:1658-1663. 

 
83. Touloumi G, Katsouyanni K, Zmirou D, Schwartz J, Spix C, Ponce de Leon A, Tobiua A, Quennel 
P.  et al.  Short term effects of ambient oxidant exposure on mortality: A combined analysis within the 
APHEA Project.  Am J Epidemiol 1997;146:177-185. 

 
84. Anderson HR, Spix C, Medina S, Schouten JP, Castellsague J, Rossi A, Zmirou D, Touloumi G, 
Wojtynaik B, Ponka A, Bacharova L, Schwartz J, Katsouyanni K.  Air pollution and daily admissions for 
chronic obstructive pulmonary disease in 6 European cities: results from the APHEA project.  Eur Respir J 
1997;10:1064-1071. 

 
85. Schwartz J, Levin R, Hodge K.  Drinking water turbidity and pediatric hospital use for 
gastrointestinal illness in Philadelphia  Epid 1997;8:615-620. 

 
86. Working Group on Public Health and Fossil Fuel Combustion.  Short term improvements in public 
health from global climate polices on fossil-fuel combustion: an interim report.  Lancet 1997;350:1341-1349. 

 
87. Timonen KL, Viels en J, Schwartz J, Gotti A, Vondra V, Gratziou C, Giaever P, Roemer W, 
Brunekreef B.  Chronic respiratory symptoms, skin test results, and lung function as predictors of peak flow 
variability.  Am J Respir Crit Care Med 1997;156:776-782. 

 
88. Katsouyanni K, Zmirou D, Spix C, Sunyer J, Schouten JP, Ponka A, Anderson HR, Le Moullec Y, 
Wojtyniak B, Vigotti MA, Bacharova L, Schwartz J. Short-term effects of air pollution on health: a European 
approach using epidemiologic time series data. The APHEA Project. Public Health Rev 1997;25(1):7-18. 

 
89. Hoek G, Schwartz J, Groof B, Eler P.  Effects of ambient particulate matter and ozone on daily 
mortality in Rotterdam, the Netherlands. Arch Environ Health 1997;52:455–463. 

 
90. Sunyer J, Spix C, Quénel P, Ponce-de-León A, Pönka A, Barumandzadeh T,Touloumi G,  
Bacharova L, Wojtyniak B, Vonk J, Bisanti L,Schwartz J, Katsouyanni K. Urban air pollution and 
emergency admissions for asthma in four European cities: the APHEA Project. Thorax 1997;52:760-765. 

 
91. Emond MJ, Lanphear BP, Watts A, Eberly S, Weitzman M, Clarkson T, Winter NL, Aptez L, Yakir 
B, Galke W, Jacobs D, Matte T, Clark S, Farfel M, Graef J, Schwartz J, Silbergeld E. Measurement error 
and its impact on the estimated relationship between dust lead and children's blood lead. Environmental 
Research 1997;72 (1): 82-92. 

 
92.  Martin BW, AckermannLiebrich U, Leuenberger P, Kunzli N, Stutz EZ, Keller R, Zellweger JP, 
Wuthrich B, Monn C, Blaser K, Bolognini G, Bongard JP, Brandli O, Braun P, Defila C, Domenighetti G, 
Grize L, Karrer W, Keller-Wossidlo H, Medici TC, Peeters A, Perruchoud AP, Schindler C, Schoeni MH, 



  11 

Schwartz J, Solari G, Tschopp JM, Villiger B. SAPALDIA: Methods and participation in the cross-
sectional part of the Swiss study on air pollution and lung diseases in adults. Sozial-Und 
Praventivmedicin 42 (2): 67-84 1997. 

 
93. Spix C, Anderson HR, Schwartz J, Vigotti M, le Tertre A, Vonk JM, Touloumi G,  et al.  Short term 
effects of air pollution on hospital admission of respiratory disease in Europe: A quantitative summary of 
APHEA Study results. Arch Environ Health 1998;53:54—64. 

 
94. Neas LM and Schwartz J. Pulmonary Function Levels as Predictors of Mortality in a National 
Sample of US Adults. Am J Epidemiol 1998;147:1011-1017.  

 
95. Lanphear BP, Matte TD, Clickner R, Dietz B, Rogers J, Bornschein Rl, Succop P, Mahaffey KR. 
Dixon S, Galke W. Rabinowitz M, Farfel M. Rhode C, Schwartz J, Ashley P, Jacobs DE. The contribution 
of lead contaminated housedust and residential soil to children’s blood lead levels.  Environ Res 
1998;79:51-68. 

 
96. Zmirou D, Schwartz J, Saez M, Zanobetti A, Wojtymiak B, Touloumi G, Spix C, Ponce de Leon A, 
LeMoullec Y, Bacharova L, Schouten J, Ponka A, Katsouyanni K.  Time series analysis of air pollution and 
cause specific mortality: a quantitative summary in Europe (APHEA study). Epidemiology 1998;9(5):495-
503.  

 
97. Cheng Y, Willet W, Schwartz J, Sparrow D, Weiss ST, Hu H. The relationship of nutrition to bone 
lead and blood lead levels in middle-aged to elderly men: The normative aging study. Am J Epidemiol 
1998;147:1162-1174. 

 
98. Cheng Y, Schwartz J, Vokonos PS, Weiss ST, Arp A, Hu H. Electrocardiographic conduction 
disturbances in association with low-level lead exposure: The Normative Aging  Study. Am J Cardiol 
1998;82(5):594-599 . 

 
99. Roemer W, Hoek G, Brunekreef B, Schouten JP, Baldini G, Clench-Aas J, Engler N, Fischer P, 
Forsberg B, Haluszka J, Kalandidi A, Kotesovec F, Niepsj G, Pekkanen J, Rudnai P, Skerfving S, Vondra V, 
Wichmann HE, Dockery DW, Schwartz J. The PEACE project: general discussion. Eur Respir Rev 
1998;8:52,125-30.  

 
100. Roemer W, Hoek G, Brunekreef B, Schouten JP, Baldini G, Clench-Aas J, Engler N, Fischer P, 
Forsberg B, Haluszka J, Kalandidi A, Kotesovec F, Niepsj G, Pekkanen J, Rudnai P, Skerfving S, Vondra V, 
Wichmann HE, Dockery DW, Schwartz J. Effect of short-term changes in urban air pollution on the 
respiratory health of children with chronic respiratory symptoms: the PEACE project: Introduction. Eur 
Respir Rev 1998:8:52,4-11. 

 
101. Schwartz J. Air Pollution and Hospital Admissions for Heart Disease in Eight US Counties. 
Epidemiology 1999:10:17-22. 

 
102. Schwartz J and Levin R. Drinking Water Turbidity and Health. Epidemiology 1999;10:86–90. 

 
103. Pope CA, Dockery DW, Kanner RE, Villegas GM, Schwartz J. Oxygen saturation, pulse rate, and 
particulate air pollution: a daily time series panel study. Am J Resp Crit Care Med 1999;159:365-372. 

 



  12 

104. Schwartz J, Norris G, Larson T, Sheppard L, Claiborne C, Koenig J.  Episodes of high coarse 
particle concentrations are not associated with increased mortality. Environmental Health Perspectives 
1999; 107:339-342. 

 
105. Tsaih S-W, Schwartz J, Lee M-L T, Amarasiriwardena C, Aro A, Sparrow D, Hu H.  The 
independent contribution of bone and erythrocyte lead to urinary lead among middle-aged and elderly men: 
The Normative Aging Study. Environmental Health Perspectives 1999;107:339-342. 

 
106. Rossi G, Vigotti MA, Zanobetti A, Repetto F, Gianelle V, Schwartz J. Air Pollution and Cause 
Specific Mortality in Milan, Italy 1980-1989. Arch Environ Health 1999;54:158-164. 

 
107. Lee J-T and Schwartz J. Reanalysis of the Effects of Air Pollution on Daily Mortality in Seoul, 
Korea: A Case-Crossover Design. Environ Health Perspect 1999;107:633-636.  

 
PMCID: PMC1566500 

 
108. Pope CA, Verrier RL, Lovett EG, Larson AC, Raizenne ME, Kanner RE, Schwartz J, Villegas GM, 
Gold DR, Dockery DW.  Heart rate variability associated with particulate air pollution. Am Heart Journal 
1999;138:890-899. 

 
109. Neas LM, Schwartz J, Dockery DW. A Case-Crossover Analysis of Air Pollution and Mortality in 
Philadelphia. Environ Health Perspect 1999;107:629-631. 

 
110. Bateson T and Schwartz J. Control for seasonal variation and time trend in case-crossover studies 
of acute effects of environmental exposures. Epidemiology 1999;54:596-605.  

 
111. Schwartz J.  Harvesting and long-term exposure effects in the relationship between air pollution 
and mortality. Am J Epidemiology 2000;151:440-448. 

 
112. Schwartz J.  Role of polyunsaturated fatty acids in lung disease. Am J Clinic Nutrition 2000;71(1 
Suppl):393-396S. 

 
113. Schwartz J, Levin R, Goldstein R. Drinking Water Turbidity and Gastrointestinal Illness in 
Philadelphia’s Elderly. J Epid Comm Health 2000;54:45-51.  

 
114. Brumback BA, Ryan LM, Schwartz J, Neas LM, Stark PC, Burge HA. Transitional Regression 
Models with Application to Environmental Time Series. JASA 2000 95;449:16–28.  

 
115. Schwartz J and Neas LM. Fine particles are more strongly associated than coarse particles with 
acute respiratory health effects in children. Epidemiology 2000;11:6-10.  

 
116. Peters A, Liu E, Verrier RL, Schwartz J, Gold DR, Mittleman M, Baliff J, Oh A, Allen G, Monahan 
K, Dockery D. Air pollution and incidence of cardiac arrhythmia.  Epidemiology 2000;11:11-17. 

 
117. Schwartz J, Timonen KL, Pekkanen J. Respiratory Effects of Environmental Tobacco Smoke in a 
Panel Study of Asthmatic and Symptomatic Children. Am J Respir Crit Care Med 2000;161:802-806. 

 
118. Sunyer J, Schwartz J, Tobias A, Macfarlane D, Garcia J, Anto JM. Patients with Chronic 
Obstructive Pulmonary Disease are at increased risk of death associated with urban particle air pollution: a 
Case-Crossover Analysis. Am J Epidemiol 2000;151:50-6.  



  13 

 
119. Gold DR, Litonjua A, Schwartz J, Lovett E, Larson A, Nearing B, Allen G, Verrier M, Cherry R, 
Verrier R. Ambient Pollution and Heart Rate Variability. Circulation 2000;101:1267–1273. 

 
120. Schwartz J. The Distributed Lag between Air Pollution and Daily Deaths. Epidemiol 2000;11:320-
326. 

 
121. Zeger SL, Thomas D, Dominici F, Samet J, Schwartz J, Dockery D, Cohen A. Exposure 
measurement error in time-series studies of air pollution: concepts and consequences. Environ Health 
Perspect 2000;108:419–426.  

 
122. Zanobetti A and Schwartz J. Race, gender and social status as modifiers of the effects of PM10 
on mortality. J Occup Environ Med 2000;42:469-474.  

 
123. Schwartz J. Assessing Confounding, Effect Modification, and Thresholds in the Association 
between Ambient Particles and Daily Deaths. Environ Health Perspect 2000;108:563-568.  

 
124. Chuang HY, Schwartz J, Tsai SY, Lee ML, Wang JD, Hu H. Vibration perception thresholds in 
workers with long- term exposure to lead. Occup Environ Med 2000;57(9):588-594 

 
125. Zanobetti A, Wand MP, Schwartz J, and Ryan L. Generalized Additive Distributed Lag Models: 
Quantifying Mortality Displacement. Biostatistics 2000;1:279-292.  

 
126. Schwartz J and Zanobetti A. Using meta-smoothing to estimate dose-response trends across 
multiple studies, with application to air pollution and daily death. Epidemiology 2000;11(6):666-672. 

 
127. Cheng Y, Kawachi I, Coakley EH, Schwartz J, Colditz GA. A prospective study of job demands, 
job control, and work-related social support in relation to health status in US women. British Med J 
2000;320(7247):1432-1436. 

 
PMCID: PMC27384 

 
128. Zanobetti A, Schwartz J, Gold DR. Are there sensitive subgroups for the health effects of airborne 
particles? Environ Health Perspect 2000;108:841-845.  

 
129. Leuenberger P, Schindler C, Schwartz J, Ackermann-Liebrich U, Tara D, Perruchoud AP, 
Wuthrich B, Zellweger JP, Blaser K, Bolognini G, Bongard JP, Brandli O, Domenighetti G, Elsasser S, Grize 
L, Karrer W, Keller R, Kunzli N, Medici T, Schoni MH, Solari G, Tschopp JM, Villiger B, Zemp E. 
Occupational exposure to inhalative irritants and methacholine responsiveness. Scand J Work Environ 
Health 2000;26:146-152.  

 
130.  Laden F, Neas LM, Dockery DW, Schwartz J. Association of fine particulate matter from different 
sources with daily mortality in six US cities. Environ Health Perspect 2000;108:941-947.  

 
131. Zanobetti A, Schwartz J, Dockery DW. Airborne particles are a risk factor for hospital admissions 
for heart and lung disease. Environ Health Perspect 2000;108:1071-1077.   

 
132. Lee J-T, Kim H, Schwartz J. Bidirectional case-crossover studies of air pollution: bias from skewed 
and incomplete waves. Environ Health Perspect 2000;108:1107-1111. 

 



  14 

133.  Lee J-T, Kim H, Hong Y-C, Kwon H-J, Schwartz J, Christiani DC. Air Pollution and Daily Mortality 
in seven major cities of Korea: 1991-1997. Environ Res 2000;84(3):247-54 

 
134. Schwartz J. Daily deaths are associated with combustion particles rather than SO2 in 
Philadelphia. Occup Environ Med 2000; 57:692-697.  

 
135. Samet JM, Dominici F, Zegar SL, Schwartz J, Dockery, DW.  National Morbidity, Mortality, and Air 
Pollution Study Part I:  Methods and Methodilogical Issues. Health Effects Institute 2000;94:1-85. 

 
136. Samet JM, Zegar SL, Dominici F, Curriero F, Coursac I, Dockery DW, Schwartz J, Zanobetti A.  
The National Morbidity, Mortality, and Air Pollution Study Part II:  Morbidity, Mortality, and Air Pollution in the 
United States.  Health Effects Institute 2000;94:1-84.   

 
137. Kunzli N, Schwartz J, Stutz EZ, Ackermann-Liebrich U, Leuenberger P. Association of 
environmental tobacco smoke at work and forced expiratory lung function among never smoking asthmatics 
and non-asthmatics. The SAPALDIA-Team. Soz Praventivmed 2000;45(5):208-17. 

 
138. Braga AL, Zanobetti A, Schwartz J. Do respiratory epidemics confound the association between 
air pollution and daily deaths? Eur Respir J 2000;16(4):723-8. 

 
139. Cheng Y, Schwartz J, Sparow D, Aro A, Weiss ST, Hu H. Bone lead and blood lead levels in 
relation to baseline blood pressure and prospective development of hypertension: The Normative Aging 
Study. Am J Epidemiol. 2001 Jan 15;153(2):164-71. 
  
140. Schwartz J. Is There Harvesting in the Association of Airborne Particles with Daily Deaths and 
Hospital Admissions? Epidemiol 2001;12:55-61. 

 
141. Chuang H-Y, Schwartz J, Gonzales-Cossio T, Cortez Lugo M, Palazuelos E, Aro  A, Hu H, 
Hernandez-Avila M. Interrelations of Lead Levels in Bone, Venous Blood, and Umbilical Cord Blood with 
Exogenous Lead Exposure through Maternal Plasma Lead in Peripartum Women, Environ Health Perspect, 
2001 May;109(5):527-32. 

 
142. Samoli E, Schwartz J, Wojtyniak B, Touloumi G, Spix C, Balducci F, Medina S, Rossi G, Sunyer J, 
Bacharova L, Anderson HR, Katsouyanni K. Investigating regional differences in short-term effects of air 
pollution on health in the APHEA project: a sensitivity analysis. Environ Health Perspect, 2001; 109:349–53.  

 
143. Braga, Alfesio LF, Saldiva, Paulo HN, Pereira, Luiz AA, Menezes, Joaquim JC, Conceicao, Gleice 
MS, Lin, Chin A, Zanobetti A, Schwartz J, Douglas DW.  Health Effects of Air Pollution on Children and 
Adolescents in Sao Paulo, Brazil. Pediatric Pulmonology 2001, 31:106-113. 

 
144. Schwartz J, Air Pollution and Blood Markers of Cardiovascular Risk. Environ Health Perspect, 
2001 Jun;109 Suppl 3:405-9. 

 
145. Coull BA, Schwartz J, and Wand MP. Respiratory Health and Air Pollution: Additive Mixed Model 
Analyses. Biostatistics, 2001: 2, 337-349. 

 
146. Bateson T and Schwartz J, Selection Bias and Confounding in Case-Crossover Analyses of 
Environmental Time Series Data. Epidemiol 2001:12:654-661.  

 



  15 

147. Katsouyanni K, Touloumi G, Samoli E, Gryparis A, LeTertre A, Monopolis Y, Rossi G, Zmirou D, 
Ballester F, Boumghar A, Anderson HR, Wojtyniak B, Paldy A,Braunstein R, Pekkanen J,Schindler C, 
Schwartz J, Confounding and effect modification in the short-term effects of ambient particles on total 
mortality: Results from 29 European cities within the APHEA2 project. Epidemiol, 2001 Sep;12(5):521-31.  

 
148. Tsaih SW, Korrick S, Schwartz J, Lee ML, Amarasiriwardena C, Aro A, Sparrow D, Hu H. 
Influence of bone resorption on the mobilization of lead from bone among middle-aged and elderly men: the 
Normative Aging Study. Environ Health Perspectives 2001;109:995-999.  

 
149. Schwartz J, Ballester F, Saez M, Pérez-Hoyos S, Bellido J, Cambra K, Arribas F, Cañada A, 
Pérez-Boillos MJ, and Jordi Sunyer J.  The Concentration Response Relation between Air Pollution and 
Daily Deaths. Environmental Health Perspectives 2001;109:1001-1006.  

 
150.  Sarnat JA, Schwartz J, Catalano PJ and Suh HH. Confounder or Surrogate: The Role of 
Gaseous Pollutants in Particulate Matter Epidemiology. Environ Health Perspect 2001;109:1053-1061. 

 
151. Ha E-H, Hong Y-C, Lee B-E, Woo B-H, Schwartz J, Christiani DC. Is air pollution a risk factor for 
low birth weight in Seoul? Epidemiol, 2001;12:643-648.  

 
152. Braga ALF, Zanobetti A, Schwartz J. The time course of weather related deaths. Epidemiol 
2001;12:662-667.   

 
153. Zanobetti A, Schwartz J. Are diabetics more susceptible to the health effects of airborne particles? 
Am J Respir Crit Care Med. 2001 Sep 1;164(5):831-3. 

 
154. Magari SR, Hauser R, Schwartz J, Williams PL, Smith TJ, Christiani DC. Association of heart rate 
variability with occupational and environmental exposure to particulate air pollution. Circulation. 2001 Aug 
28;104(9):986-91. 

 
155. Atkinson RW, Anderson HR, Sunyer J, Ayres J, Baccini M, Vonk JM, Boumghar A, Foraestiere F, 
Forsberg B, Touloumi G, Katsouyanni K, Schwartz J. Acute Effects of Particulate Air Pollution on 
Respiratory Admissions–Results from APHEA 2 Project. Am J Resp Crit Care Med, 2001, 164:1860-66.  

 
156. Braga AL, Zanobetti A, Schwartz J. The lag structure between particulate air pollution and 
respiratory and cardiovascular deaths in ten US cities. J Occup Environ Med, 2001;43:927-33. 

 
157. von Mutius E, Schwartz J, Neas LM, Dockery D, Weiss ST. Relation of body mass index to 
asthma and atopy in children: the National Health and Nutrition Examination Study III. Thorax 2001 
Nov;56(11):835-8. 

 
158. Chao HJ, Milton DK, Schwartz J, Burge HA. Dustborne Fungi in Large Office Buildings. 
Mycopathologia, 2001: 154:93–106. 

 
159. Janssen NAH, Schwartz J, Zanobetti A, Suh HH. Air conditioning and combustion related particles 
as modifiers of the effect of PM10 on hospital admissions for heart and lung diseases. Environ Health 
Perspect, 2002; 110:43-49. 

 
160. Zanobetti A, Schwartz J, Samoli E, Gryparis A, Touloumi G, Atkinson R, Le Tertre A, Bobros J, 
Celko M, Goren A, Forsberg B, Michelozzi P, Rabczenko D, Ruiz EA, Katsouyanni K. The Temporal 
Pattern of Mortality Responses to Air Pollution. Epidemiol 2002; 13:87-93.  



  16 

 
161. Magari SR, Schwartz J, Williams PJ, Hauser R, Smith TJ, Christiani DC. The Association between 
personal measurements of environmental exposure to particulates and heart rate variability. Epidemiology, 
2002 May;13(3):305-310.  

 
162. Timonen KL, Schwartz J, Nielsen J, Brunekreef B. Associations between markers of respiratory 
morbidity in European children. Eur Respir J 2002 Mar;19(3):479-86.  

 
163. Grosse SD, Matte TD, Schwartz J, and Jackson RJ.  Economic Gains Resulting from the 
Reduction in Children’s Exposure to Lead in the United States. Environ Health Perspect, 110:563-569, 
2002.  

 
164. Hong Y-C, Lee J-T, Kim H, Ha E-H, Schwartz J, and Christiani DC. Effects of Air Pollutants on 
Acute Stroke Mortality. Environ Health Perspect 110p187-191 (2002).  

 
165. Wright JM, Schwartz J, Vartiainen T,  Mäki-Paakkanen J, Altshul L, Harrington JJ, and Dockery 
DW. 3-Chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone (MX) and Mutagenic Activity in Massachusetts 
Drinking Water. Environ Health Perspect 110p157-164 (2002). 

 
166. Braga ALF, Zanobetti A, Schwartz J. The effect of weather on respiratory and cardiovascular 
deaths in 12 US cities. Environ Health Perspect 2002; 110 (9), 859-863. 

 
167. Chao, H.J.; Schwartz J; Milton, D.K.; Burge H.A. Populations and determinants of airborne fungi in 
large office buildings. Environ Health Perspect, 2002;110:777-82.  

 
PMCID: PMC1240948 

 
168. Tellez-Rojo MM, Hernandez-Avila M, Gonzalez-Cossio T, Romieu I, Aro A, Palazuelos E, 
Schwartz J, Hu H. Impact of breastfeeding on the mobilization of lead from bone. Am J Epidemiol 2002 
Mar 1;155(5):420-8.  

 
169. Gomaa A, Hu H, Bellinger D, Schwartz J, Tsaih SW, Gonzalez-Cossio T, Schnass L, Peterson K, 
Aro , Henandez-Avila M. Maternal Bone Lead as an Independent Risk Factor for Fetal Neurotoxicity: A 
Prospective Study. Pediatrics, 2002;110:110-18. 

 
170. Von Klot S, Wolke G, Tuch T, Heinrich J, Dockery DW, Schwartz J, Wichmann HE, Peters A. 
Exacerbation of asthma in association with ambient fine and ultrafine particles. Eur Resp J, 2002; 20, 691-
702. 

 
171. Landrigan PJ, Schechter CB, Lipton JM, Fahs MC, Schwartz J. Environmental Pollutants And 
disease In American Children: Estimates Of Morbidity, Mortality And Costs, Environ Health Perspect, 
2002;110:721-28. 

 
172. Schwartz J. The Use of Epidemiology in Environmental Risk Assessment.  Human and Ecological 
Risk Assess, 2002;8(6):1253-1265. 

 
173. Zanobetti A, Schwartz J. Cardiovascular damage by airborne particles: Are Diabetics more 
susceptible? Epidemiology,2002, Sep;13(5):588-92. 

 



  17 

174. Schwartz J, Laden F, Zanobetti A. The Concentration—Response relation between air pollution 
and daily deaths. Environ Health Perspect, 2002 Oct;110(10):1025-9. 

 
175. Le Tertre A, Medina S, Samoli E, Forsberg B, Michelozzi P, Boumghar A, Vonk J.M., Bellini A., 
Atkinson R, Ayres J.G, Sunyer J, Schwartz J, Katsouyanni K. Short term effects of particulate air pollution 
on cardiovascular diseases in eight European cities. J Epidemiol Community Health, 2002 Oct;56(10):773-
9. 

 
176. Thurston S, Eisen E, Schwartz J. Smoothing in Survival Models, Applied to Workers Exposed to 
Several Metalworking Fluids. Epidemiol, 2002 Nov;13(6):685-92. 

 
177. Korrick SA, Schwartz J, Tsaih SW, Hunter DJ, Aro A, Rosner B, Speizer FE, Hu H.   Correlates 
of  bone and blood lead levels among middle-aged and elderly women.  Am J Epidemiol 
2002:15;156(4):335-43). 

 
178. Magari SR, Schwartz J, Williams PL, Hauser R, Smith TJ, Christiani DC. The association of 
particulate air metal concentrations with heart rate variability, Environ Health Perspect, 2002:110: 875-880. 

 
179. Sarnat, JA; Long, CM; Koutrakis, P; Coull, BA; Schwartz, J and Suh, HH. Using sulfur as a tracer 
of outdoor fine particulate matter.  Environmental Science & Technology, 2002 Dec 15;36(24):5305-14. 

 
180. Schwartz J, Ackermann-Liebrich U, Schindler C, Zemp E, Perruchaid AP, Zellweger J-P, 
Leuenberger P, and SAPALDIA Team. Predictors of Methacholine Responsiveness in a General 
Population. Chest, 2002, 122(3):812-20. 

 
181. Wright JM, Schwartz J, Dockery DW. The effect of trihalomethane exposure on fetal development. 
Occup Environ Med, 2003 Mar;60(3):173-80. 

 
182. Wright RO, Tsaih SW, Schwartz J, Wright RJ, Hu H. Association Between Iron Deficiency and 
Blood Lead Level in a Longitudinal  Analysis of Children Followed in an Urban Primary Care Clinic. J 
Pediatr 2003 Jan;142(1):9-14. 

 

183. Wu MT, Kelsey K, Schwartz J, Sparrow D, Weiss S, and Hu H. A -Aminolevulinic Acid 
Dehydratase (ALAD) Polymorphism May Modify the Relationship of Low-Level Lead Exposure to Uricemia 
and Renal Function: The Normative Aging Study. Environmental Health Perspectives Volume 111, Number 
3, March 2003. 

 
184. Zanobetti A, Schwartz J, Samoli E, Gryparis A, Touloumi G, Peacock J, Anderson RH, Le Tertre 
A, Bobros J, Celko M, Goren A, Forsberg B, Michelozzi P, Rabczenko D, Hoyos SP, Wichmann HE, 
Katsouyanni K. 2003. The Temporal Pattern of Respiratory and Heart Disease Mortality in Response to Air 
Pollution. Environ Health Perspect: 2003 Jul;111(9):1188-93. 

 
185. Chao HJ, Schwartz J, Milton DK, Burge HA. 2003. The Working Environment and Workers' Health 
in Four Large Office Buildings. Environ Health Perspect: 2003 Jul;111(9):1242-8. 

 
186. Lippmann M, Frampton M, Schwartz J, Dockery D, Schlesinger R, Koutrakis P, Froines J, Nel A, 
Finkelstein J, Godleski J, Kaufman J, Koenig J, Larson T, Luchtel D, Liu L-J, Oberdörster G, Peters A, 
Sarnat J, Sioutas C, Suh H, Sullivan J, Utell M, Wichmann E, Zelikoff J. 2003. The EPA's Particulate Matter 



  18 

(PM) Health Effects Research Centers Program: A Mid-Course (2 1/2 year) Report of Status, Progress, and 
Plans. Environ Health Perspect: 2003 Jun;111(8):1074-92.  

 
187. Aga E, Samoli E, Touloumi G, Anderson HR, Cadum E, Forsberg B, Goodman P, Goren A, 
Kotesovec F, Kriz B, Macarol-Hiti M, Medina S, Paldy A, Schindler C, Sunyer J, Tittanen P, Wojtyniak B, 
Zmirou D, Schwartz J, Katsouyanni K. Short term effects of ambient particles on mortality in the elderly: 
Results from 28 cities in the APHEA 2 project. Eur Respir J 2003; 21:Suppl 40:1s–6s.  

 
188. Sunyer J, Ballester F, Tertre AL, Atkinson R, Ayres JG, Forastiere F,Forsberg B, Vonk JM, Bisanti 
L, Tenias JM, Medina S, Schwartz J, Katsouyanni K. The association of daily sulfur dioxide air pollution 
levels with hospital admissions for cardiovascular diseases in Europe (The Aphea-II study).Eur Heart J. 
2003 Apr;24(8):752-760. 

 
189. Samoli E Touloumi G, Zanobetti A, Le Tertre A, Schindler C, Atkinson R, Vonk J, Rossi G, Saez M, 
Rabczenko D, Schwartz J, and Klea Katsouyanni K. Investigating the dose-response relationship between 
air pollution and total mortality in the APHEA2 multicity project. Occup Environ Med, 2003;60 977-982. 

 
190. Schwartz J, Coull B. Control for Confounding in the presence of measurement error in hierarchical 
models, Biostatistics, 4:539-53, 2003. 

 
191. Mannino DM, Mulinare J, Ford ES, Schwartz J. Tobacco Smoke Exposure and Decreased 
Serum and Red Blood Cell Folate Levels: Data from the Third National Health and Nutrition Examination 
Survey. Nicotine and Tobacco Research, 2003;5:357–62. 

 
192. O’Neill MS, Zanobetti A, Schwartz J. Modifiers of the temperature and mortality association in 
seven US cities. Am J Epidemiol, 2003:157 (12): 1074-1082.  

 
193. Wright RO Hu H, Silverman EK, Tsaih SW, Schwartz J, Bellinger D, Palazuelos D, Weiss ST, 
Hernandez-Avila M. Apolipoprotein E Genotype Predicts 24-Month Infant Bayley Scale Score. Pediatric 
Res, 2003;54:819-25.  

 
194.  Sunyer J, Atkinson R, Ballester F, Le Tertre A, Ayres JG, Forastiere F, Forsberg B, Vonk JM, 
Bisanti L, Anderson RH, Schwartz J, Katsouyanni K. Respiratory effects of sulphur dioxide: a 
hierarchical multicity analysis in the APHEA 2 study. Occup Environ Med. 2003 Aug;60(8):E2. 

 
PMCID: PMC1740605 

 
195. Schwartz J, Zanobetti A, Bateson T (2003).  Morbidity and mortality among elderly residents in 
cities with daily PM measurements.  In Revised Analyses of the National Morbidity, Mortality, and Air 
Pollution Study, Part II.  In: Revised Analyses of Time-Series Studies of Air Pollution and 
Health.  Special Report, pp 25-58, Health Effects Institute, Boston. 

 
196. Schwartz J.  2003. Airborne particles and daily deaths in 10 US cities. In: Revised Analyses of 
Time-Series Studies of Air Pollution and Health. Special Report, pp  211-218. 2003. Health Effects 
Institute, Boston MA. 

 
197. Schwartz J. 2003.  Daily deaths associated with air pollution in six US cities and short-term 
mortality displacement in Boston. In: Revised Analyses of Time-Series Studies of Air Pollution and 
Health. Special Report, pp 219-226. Health Effects Institute, Boston MA. 

 



  19 

198. Atkinson RW, Anderson HR, Sunyer J, Ayres J, Baccini M, Vonk JM, Boumghar A, Forastiere F, 
Forsberg B, Touloumi G, Schwartz J, Katsouyanni K. 2003. Acute effects of particulate air pollution on 
respiratory admissions. In: Revised Analyses of Time-Series Studies of Air Pollution and Health. Special 
Report, pp 81-84. Health Effects Institute, Boston MA.  

 
199. Gold DR, Schwartz J, Litonjua AA, Verrier R, Zanobetti A. 2003.  Ambient Pollution and 
Reduced Heart Rate Variability.  In: Revised Analyses of Time-Series Studies of Air Pollution and 
Health. Special Report, pp 107-112. Health Effects Institute, Boston. 

 
200. Katsouyanni K, Touloumi G, Samoli E, Petasakis Y, Analitis A, Le Tertre A, Rossi G, Zmirou D, 
Ballester F, Boumghar A, Anderson HR, Wojtyniak B, Paldy A, Braunstein R, Pekkanen J, Schindler C, 
Schwartz J. 2003. Sensitivity analysis of various models of short-term effects of ambient particles on 
total mortality in 29 cities in APHEA2. In: Revised Analyses of Time-Series Studies of Air Pollution and 
Health. Special Report, pp 157-164. Health Effects Institute, Boston MA. 

 
201. Le Tertre A, Medina S, Samoli E, Forsberg B, Michelozzi P, Boumghar A, Vonk JM, Bellini A, 
Atkinson R, Ayres JG, Sunyer J, Schwartz J, Katsouyanni K. 2003. Short-term effects of particulate air 
pollution on cardiovascular diseases in eight European cities. In: Revised Analyses of Time-Series 
Studies of Air Pollution and Health. Special Report, pp 173-176. Health Effects Institute, Boston MA. 

 
202. Samoli E, Schwartz J, Analitis A, Petasakis Y, Wojtyniak B, Touloumi G, Spix C, Balducci F, 
Medina S, Rossi G, Sunyer J, Anderson HR, Katsouyanni K. 2003. Sensitivity analyses of regional 
differences in short-term effects of air pollution on daily mortality in APHEA cities. In: Revised Analyses 
of Time-Series Studies of Air Pollution and Health. Special Report, pp 205-209. Health Effects Institute, 
Boston MA. 

 
203. Zanobetti A, Schwartz J. 2003. Airborne particles and hospital admissions for heart and lung 
disease. In: Revised Analyses of Time-Series Studies of Air Pollution and Health. Special Report, pp 
241-248. Health Effects Institute, Boston MA. 

 
204. Zanobetti A, Schwartz J. 2003. Multicity assessment of mortality displacement within the 
APHEA2 project. In: Revised Analyses of Time-Series Studies of Air Pollution and Health. Special 
Report, pp 249-253. Health Effects Institute, Boston MA. 

 
205. O'Neill MS, Jerrett M, Kawachi I, Levy JI, Cohen AJ, Gouveia N, Wilkinson P, Fletcher T, 
Cifuentes L, and Schwartz J. Health, Wealth and Air Pollution: Advancing Theory and Methods. Environ 
Health Perspect: 2003; 111:1861–1870.  

 
206. Wright RO, Tsaih SW, Schwartz J, Spiro A 3rd, McDonald K, Weiss ST, Hu H. Lead exposure 
biomarkers and mini-mental status exam scores in older men. Epidemiology. 2003 Nov;14(6):713-8. 

 
207. Adamkiewicz G, Ebelt S, Syring M, Slater J, Speizer FE, Schwartz J, Suh H, Gold, DR. 
Association between Air Pollution Exposure and Exhaled Nitric Oxide in an Elderly Panel. Thorax. 2004 
Mar;59(3):204-209. 

 
208. Dominici F, Zanobetti A, Zeger SL, Schwartz J, Samet JM. Hierarchical bivariate time-series 
models: A combined analysis of the effects of particulate matter on morbidity and mortality. Biostatistics, 
2004;5:341-60.  

 



  20 

209. Barr RG, Wentowski CC, Grodstein F, Somers SC, Stampfer MJ, Schwartz J, Speizer FE, 
Camargo CA Jr.  Prospective study of postmenopausal hormone use and asthma or chronic obstructive 
pulmonary disease.  Arch Intern Med. 2004 Feb 23;164(4):379-86. 

 
210. Bateson TF, Schwartz J. Who is sensitive to the effects of particles on mortality?  A case-
crossover analysis of individual characteristics as effect modifiers. Epidemiology 2004;15:143-49 

 
211. Schwartz J, Samet JM, Patz JA. The effects of Temperature and Humidity on Hospital 
Admissions for Heart Disease. Epidemiology, 2004 Nov;15(6):755-61. 

 
212. Schwartz J. Is the Association of Airborne Particles with Daily Deaths Confounded by Gaseous 
Air Pollutants: An Approach to Control by Matching. Environ Health Perspect:112:557-61, 2004. 

 
213. Medina S, Plasencia A, Ballester F, Mücke HG, Schwartz J on behalf of the Apheis group. 
Apheis: Public Health Impact of PM10 in 19 European Cities. J Epidemiol Community Health, 2004 
Oct;58(10):831-6.  

 
214. Barr RG, Wentowski CC, Curhan GC, Somers SC, Stampfer MJ, Schwartz J, Speizer FE, 
Camargo CA Jr. Prospective Study of Acetaminophen Use and Newly Diagnosed Asthma among 
Women. Am J Resp Crit Care Med, 2004 Apr 1;169(7):836-41.  

 
215. Wright JM, Schwartz J, Dockery DW. The effects of Disinfection Byproducts and Mutagenic 
Activity on Birth Weight and Gestational Duration, Environ Health Perspectives, 2004;112(8):920-5.  

 
216. Schwartz J. The Effects of Particulate Air Pollution on Daily Deaths: A Multi–City Case 
Crossover Analysis. Occup Environ Med, 2004 Dec;61(12):956-61.  

 
217.  Wright RO, Silverman EK, Schwartz J, Tsaih S-W, Senter J, Sparrow D, Weiss ST, Aro A, and 
Hu H. 2004. Association between Hemochromatosis Genotype and Lead Exposure Among Elderly Men: 
the Normative Aging Study. Environ Health Perspect: 2004;112:746-750. 

 
PMCID: PMC1241970 

 
218. Kaiser R, Romieu I Medina S, Schwartz J Krzyzanowski M and Kunzli N. Air Pollution 
Attributable Postneonatal Infant Mortality in US Metropolitan Areas. Environmental Health: A Global 
Access Science Source 2004, 3:4.  

 
219. Teklahaimanot HD, Schwartz J, Teklahaimanot A, Lipsitch M. Alert threshold algorithms for 
anticipating malaria epidemics. Emerging Infectious Disease, 2004 Jul;10(7):1220-6. 

 
220.  DeMeo DL, Zanobetti A, Coull B, Litonjua AA, Schwartz J, Gold DR. Longitudinal Assessment 
of Ambient Pollution on Oxygen Saturation in a Cohort of Older Individuals. Am J Respir Crit Care Med, 
2004;170:383-7.  

 
221. Tellez-Rojo MM, Hernandez-Avila M, Smith D, Hernandez-Cadena L, Mercando A, Aro A, 
Schwartz J, Hu H. Impact of bone lead and bone resorbtion on plasma and whole blood lead levels 
during pregnancy. Am J Epidemiol, 2004, 160:668-678.  

 



  21 

222. Ettinger AS, Téllez-Rojo MM, Amarasiriwardena C, Bellinger D Peterson K, Schwartz J, Hu H, 
Hernández-Avila M. Effect of Breast Milk Lead on Infant Blood Lead Levels at One Month of Age. 
Environ Health Perspect 112:1381-1385 (2004).  

 
223. Zanobetti A, Canner MJ, Stone PH, Schwartz J, Sher D, Eagan-Bengston E, Gates KA, Hartley 
H, Suh H, Gold DR. Ambient pollution and blood pressure in cardiac rehabilitation patients. Circulation, 
2004 Oct 12;110(15):2184-9. 

 
224. Schwartz J. Air pollution and children's health. Pediatrics. 2004;113(4 Suppl):1037-43. 

 
225.  Gryparis A, Forsberg B, Katsouyanni K, Analitis A, Touloumi G, Schwartz J, Samoli E,  Medina 

S, Anderson HR, Niciu EM, Wichmann E, Vonk JM, Dortbudak Z. Short-term effects of ozone on 
mortality: Results from 23 European cities within the APHEA2 project. Am J Respir Crit Care Med, 
2004:170:1080-7.  

 
226. Weisskopf MG, Wright RO, Schwartz J, Spiro A III, Sparrow D, Aro A, Hu H. Cumulative lead 
exposure and prospective change in cognition among elderly men: the VA Normative Aging Study. Am J 
Epidemiol, 2004;160(12):1184-93. 

 
227. Karpati AM, Perrrin MC, Matte T, Leighton J, Schwartz J, Barr RG. Pesticide spraying for West 
Nile Virus control and emergency department asthma visits in New York City, 2000. Environ Health 
Perspect 2004;112:1183-1187. 

 
228. Tsaih SW, Korrick S, Schwartz J, Amarasiriwardena C, Aro A, Sparrow D, and Hu H. Lead, 
Diabetes, Hypertension, and Renal Function: The Normative Aging Study. Environ Health Perspect, 
2004; Aug;112(11):1178-82. 

 
229. Zeka A, Schwartz J. Estimating the Independent Effects of Multiple Pollutants in the Presence 
of Measurement Error: An application of a measurement error resistant technique. Environ Health 
Perspect, 2004 Dec;112(17):1686-90.  

 
PMCID: PMC1253660 

 
230.  Teklehaimanot HD, Lipsitch M , Teklehaimanot A , Schwartz J. Weather-based prediction of 
Plasmodium falciparummalaria in epidemic-prone regions of Ethiopia I. Patterns of lagged weather 
effects reflect biological mechanisms. Malaria Journal 2004, 3:41 doi:10.1186/1475-2875-3-41. 

 
231.  Teklehaimanot HD, Schwartz J, Teklehaimanot A, Lipsitch M. Weather-based prediction of 
Plasmodium falciparum malaria in epidemic-prone regions of Ethiopia II. Weather-based prediction 
systems perform comparably to early detection systems in identifying times for interventions. Malaria 
Journal 2004, 3:44  doi:10.1186/1475-2875-3-44.  

 
232. Touloumi G, Atkinson R, Le Tertre A, Samoli E, Schwartz J, Schindler C, Vonk JM, Rossi G, 
Saez M, Rabszenko D, Katsouyanni K. Analysis of Health Outcome Time Series Data in Epidemiological 
Studies. Environmetrics, 2004;15:101-17. 

 
233.  Sarnat JA, Brown KW, Schwartz J, Coull BA, Koutrakis P. Relationships among Personal 
Exposures and Ambient Concentrations of Particulate and Gaseous Pollutants and their Implications for 
Particle Health Effects Studies. Epidemiology 2005; 16:385-95.  

 



  22 

234. Schwartz J. How sensitive is the Association Between Ozone and Daily Deaths to Control for 
Temperature? Am J Respir Crit Care Med. 2005; 171: 627-631. 

 
235. Samoli E, Analitis A, Touloumi G, Schwartz J, Anderson RH, Sunyer J, Bisanti L, Zmirou D, 
Vonk JM, Pekkanen J, Goodman P, Paldy A, Schindler C, and Katsouyanni K. 2004. Estimating 
Particulate Matter-Mortality Exposure--Response Relationships within the APHEA Multicity Project 
Environ Health Perspect: 2005 Jan;113(1):88-95. 

 
236. Touloumi G, Samoli E, Quenel P, Paldy A, Anderson HR, Zmirou D, Galan Labaca I, Forsberg 
B, Schindler C, Schwartz J, Katsouyanni K. Confounding effects of influenza epidemics on the short-
term effects of air pollution on total and cardiovascular mortality: a sensitivity analysis. Epidemiology, 
2005 16(1):49-57.  

 
237. Schwartz J. Who is Sensitive to Extremes of Temperature? A Case-Only Analysis. 
Epidemiology. 2005 Jan;16(1):67-72.   

 
238.   Park SK, O’Neill MS, Vokonas PS, Sparrow D, Schwartz J. Effects of air pollution on heart 
rate variability:The VA Normative Aging Study. Environ Health Perspect, 2005:113:304-9.  

 
239.  Wellenius G, Schwartz J, Mittleman MA. Particulate Air Pollution and the Rate of Admission for 
Congestive Heart Failure among Medicare Beneficiaries in Pittsburgh, PA. Am J Epidemiol, 2005; 
161:1030-6. 

 
PMCID: PMC1563499 

 
240. Le Tertre A, Schwartz J, and Touloumi G on behalf of the Apheis group. Empirical Bayes and 
adjusted estimates approach to estimating the relation of mortality to exposure of PM10. Risk Analysis, 
2005; 25:711-8.  
 
PMID: 16022702 

 
241. Schwartz J, Litonjua A, Suh H, Verrier M, Zanobetti A, Syring M, Nearing B, Verrier R, Stone P, 
MacCallum G,  Speizer FE, Gold DR. Traffic–Related Pollution and Heart Rate Variability in a panel of 
Elderly Subjects. Thorax, 2005; 60:455-61. 
PMID: 15923244 PMCID: PMC1747419 

  

242. O’Neill MO, Zanobetti A, Schwartz J.  Contrasting disparities by race in heart-related mortality 
in four U.S. cities: The role of air conditioning prevalence. J Urban Health, 2005;82(2):191-197. 
PMID: 15888640 PMCID: PMC3456567 

 

 
243. Tonne, C, Schwartz J, Mittleman M, Melly S, Suh H, Goldberg R. Long term survival after acute 
myocardial infarctions is lower in more deprived neighborhoods. Circulation, 2005; 111:3063-70. 

 
PMID: 15939820 

 
244. Gold DR, Litonjua AA, Zanobetti A, Coull BA, Schwartz J, MacCallum G, Verrier RL, Nearing 
BD, Canner MJ, Suh H, Stone PH. Air Pollution and ST-segment depression in Elderly Subjects. Environ 
Health Perspect, 2005;113:883-7.  

 



  23 

PMCID: PMC1257650 

 
245.  O'Neill, M.S., Veves, A., Zanobetti, A., Sarnat, J.A., Gold, D.R., Economides, P.A., Horton, E., 
Schwartz, J. Diabetes enhances vulnerability to particulate air pollution-associated impairment in 
vascular reactivity and endothelial function.  Circulation, 2005; 111:2913-2920.  

 
PMID: 15927967 

 
246. Dockery DW, Luttmann-Gibson H, Rich DQ, Link MS, Mittleman MA, Gold DR, Koutrakis P, 
Schwartz J, Verrier R. Association of Air Pollution with Increased Incidence of Ventricular 
Tachyarrhythmias Recorded By Implanted Cardioverter Defibrillators. Environ Health Perspect, 2005; 
113:670-74. 

 
PMCID: PMC1257589  

 
247. Zeka A, Zanobetti A, Schwartz J. Short-Term Effects of Particulate Matter on Cause Specific 
Mortality: Effects of Lags and Modification by City Characteristics, Occup Environ Med, 2005; 62:718-25. 

 
PMCID: PMC1740870 

 
248. Dockery DW, Luttman-Gibson H, Rich DQ, Link MS, Schwartz JD, Gold DR, Koutrakis P, 
Verrier RL, Mittleman MA.  Particulate air pollution and nonfatal cardiac events. Part II. Association of air 
pollution with confirmed arrhythmias recorded by implanted defibrillators. Health Effects Institute 
Research Report 124 Part II, June 2005; 83-126. 

 
PMID: 17153518 

 
249. Zanobetti A, Schwartz J. The Effect of Particulate Air Pollution On Emergency Admissions 

for Myocardial Infarction: a Multi-city Case-crossover Analysis. Environ Health Perspect, 2005; 113:978-
982. 

 
PMCID: PMC1280336 

 
250. O’Neill, M.S., Hajat, S., Zanobetti, A., Ramirez-Aguilar, M., Schwartz, J. Impact of control for air 
pollution and respiratory epidemics on the estimated associations of temperature and daily mortality. 
International Journal of Biometeorology 2005; 50 (2): 121-129.  

PMID: 15912362 

251.   Schwartz J, Park SK, O’Neill MS, Vokonas P, Sparrow D, Weiss ST, Kelsey K. GSTM1, 
Obesity, Statins, and autonomic effects of particles: gene by drug by environment interaction. Am J 
Respir Crit Care Med, 2005;172:1529-1533. 

PMCID: PMC2718454 

 

252. Rich DQ, Schwartz J, Mittleman MA, Link M, Luttman-Gibson H, Catalano PJ, Speizer FE, 
Dockery DW. Association of short term ambient air pollution concentrations and ventricular arrhythmias. 
Am J Epidemiol, 2005; 161:1123-32.  

PMID: 15937021 

 



  24 

253. Barnett AG, Williams GM, Schwartz J, Neller AH, Best TL, Petroeschevsky AL, Simpson RW. 
Air pollution and child respiratory health: a case-crossover study in Australia and New Zealand. Am J 
Respir Crit Care Med 2005; 171:1272-1278. 

PMID: 15764722 

 

254.  Holguin F, Tellez-Rojo MM, Lazo M, Mannino D, Schwartz J, Hernandez M, Romieu I. Cardiac 
autonomic changes associated with fish oil vs soy oil supplementation in the elderly. Chest, 2005; 
127:1102-7.  

PMID: 15821181 

 

255.  Jayet PY, Schindler Ch, Schwartz J, Künzli N, Zellweger JP, Ackermann-Liebrich U, 
Leuenberger Ph and SAPALDIA team. Passive smoking exposure in adults and dynamics of respiratory 
symptoms in a prospective multicenter cohort study (SAPALDIA Study). Scand J Work Environ, 2005; 
31:465-73.  

PMID: 16425588 

 

256.  Ettinger A, Tellez-Rojo MM, Amarasiriwardena C, Peterson K, Schwartz J, Aro A, Hu H, 
Hernandez-Avila M. Influence of maternal bone lead burden and calcium intake on levels of lead in 
breast milk over the course of lactation. Am J Epidemiol, 2006; 163:48-56. 

PMID: 16282237 

 

257.  Wellenius G, Schwartz J, Mittleman M. Particulate Air Pollution and Hospital Admissions for 
Congestive Heart Failure in Seven US Cities. Am J Cardiol, 2006;97(3):404-8. 

PMID: 16442405 

 

258.  Koutrakis P, Suh HH, Sarnat JA, Brown KW, Coull BA, Schwartz J. Characterization of 
particulate and gas exposures of sensitive subpopulations living in Baltimore and Boston. Res Rep 
Health Eff Inst. 2005 Dec;(131):1-65. 

PMID: 16541849 

 

259.  Wellenius G, Schwartz J, Mittleman M. Air Pollution and Hospital Admissions for Ischemic and 
Hemorrhagic Stroke among Medicare Beneficiaries. Stroke, 2005;192:2066-73.  

PMID: 16254223 

 

260.  Rich DQ, Mittleman MA, Link MS, Schwartz J, Luttmann-Gibson H, Catalano PJ, Speizer FE, 
Gold DR, Dockery DW. Increased risk of paroxyxmal atrial fibrillation episodes associated with acute 
increases in ambient air pollution. Environ Health Perspect, 2006; 114:120-23.  

PMCID: PMC1332666 

 
261. Laden F, Schwartz J, Speizer FE, Dockery DW. Reduction in fine particulate air pollution and 
mortality: Extended follow-up of the Harvard Six Cities study. Am J Respir Crit Care Med, 2006; 173:1- 
6.  

PMCID: PMC2662950 



  25 

 

262. Medina-Ramon R, Zanobetti A, Schwartz J. The effect of ozone and PM10 on hospital 
admissions for pneumonia and COPD: A National multi—city study. Am J Epidemiol, 2006;163(6):579-
88.  

PMID: 16443803 

 

263.  Jayet, P-Y, Schindler C, Kuenzli N, Zellweger J-P, Braendli O, Perruchoud AP, Keller R, 
Schwartz J, Ackermann-Liebrich U, Leuenberger P. Reference values for methacholine reactivity 
(SAPALDIA study). Resp Research, 2005; 6:131.  

PMCID: PMC1298336 

 
264. Analitis A, Katsouyanni K, Dimakopoulou K, Samoki E, Nikoloulopoulos AK, Petsakis Y, 
Touloumi G, Schwartz J, Anderson HR, Cambra K, Forestiere F, Zmirou D, Vonk JM, Clancy L, Kirz B, 
Bobvos J, Pekkanen J. Short term effects of ambient particles on cardiovascular and respiratory 
mortality in 29 European cities within the APHEA 2 project. Epidemiol, 2006; 17:230-3. 

PMID: 16477266 

 

265.  Zeka A, Zanobetti A, Schwartz J. Individual modifiers of the effects of particulate matter on 
daily mortality. Am J Epidemiol, 2006 163: 849-859.  

PMID:16554348 

 

266. Wheeler A, Zanobetti A, Gold D, Schwartz J, Stone P, Suh H. The relationship between 
ambient air pollution and heart rate variability (HRV) differs for individuals with heart and pulmonary 
disease. Environ Health Perspect, 2006 Apr;114(4):560-6.  

PMCID: PMC1440781 

 
267. Felber-Dietrich D, Schindler C, Schwartz J, Barthelemy, J-C, Tschopp J-M, Roche F, von 
Eckardstein A, Brandli O, Leuenberger P, Gold DR, Gaspoz J-M, Ackermann-Liebrich U. Heart rate 
variability in an aging population and its association with lifestyle and cardiovascular risk factors: results 
of the SAPALDIA study. Europace, 2006;8(7):521-9.  

PMID: 16798766 

 

268.  Dubowsky SD, Suh H, Schwartz J, Coull BA, and Gold DR. Diabetes, Obesity, and 
Hypertension May Enhance Associations Between Air Pollution and Markers of Systemic Inflammation. 
Environ Health Perspect, 2006;114(7):992-8.  

PMCID: PMC1513328 

 
269. Samoli E, Aga E, Touloumi E, Nisiotis K, Forsberg B, Lefranc A, Pekkanen J, Poland CA, 
Schindler C, Romania CA, Israel CA, Slovenia CA, Schwartz J, Katsouyanni K. Short-term effects of 
nitrogen dioxide on mortality: an analysis within the APHEA project. Eur Resp J, 2006;27(6):1129-38.  

PMID: 16540496 

 



  26 

270.  M M-Ramon, Zock JP, Kogevinas M, Sunyer J, Basagana X, Schwartz J, Burge PS, Huggins 
V, Anto JM. Short-term respiratory effects of cleaning exposures in domestic cleaning women. Eur 
Respir J. 2006.  

PMID: 16510456 

 

271. Schwartz J. Model choice in time series studies of air pollution and mortality - Comments on 
the paper by Peng, Dominici and Louis. J Royal Stat Soc Ser A- 169: 198-203 Part 2, 2006.   

272. Barnett AG, Williams GM, Schwartz J, Best TL, Neller AH, Petroeschevsky AL, and Simpson 
RW. 2006. The Effects of Air Pollution on Hospitalizations for Cardiovascular Disease in Elderly People 

in Australian and New Zealand Cities. Environ Health Perspect: 2006;14:1018–1023. 

PMCID: PMC1513338 

 
273. Luttman-Gibson H, Coull BA, Dockery DW, Ebelt ST, Schwartz J, Stone PH, Suh HH, Gold DR. 
Short-term effects of air pollution on Heart Rate Variability in Senior Adults in Steubenville, Ohio. J Occ 
Environ Med, 2006;48(8):780-8.  

PMID: 16902370 

 

274.  Ebelt Sarnat E, Coul BA, Schwartz J, Gold DR, Suh H. Factors effecting the association 
between ambient concentrations and personal exposures to particles and gases. Environmental Health 
Perspectives 2006 (114) 5 649-54. 

PMCID: PMC1459914 

 

275. Zeka A, Sullivan JR, Vokonas PS, Sparrow D, Schwartz J. Inflammatory markers and 
particulate air pollution: characterizing the pathway to disease. Int J Epidemiol, 2006;35:1347-54.  

PMID: 16844771 

 

276.  Sarnat SE, Suh HH, Coull BA, Schwartz J, Stone PH, Gold DR. Ambient particulate air 
pollution and cardiac arrhythmia in a panel of older adults in Steubenville, Ohio. Occupational Environ 
Med, 2006;63(10):700-6. 

PMCID: PMC2078044 

 

277. Rich DQ, Kim MH, Turner JR, Mittleman MA, Schwartz J, Catalano PJ, Dockery DW. 
Association of ventricular arrhythmias detected by implantable cardioverter defibrillator and ambient air 
pollutants in Saint Louis, Missouri. Occupational Environ Med, 2006;63:591-96. 

PMCID: PMC2078163 

 
278. Zanobetti A, Schwartz J. Air Pollution and Emergency Admission in Boston MA. J Environ 
Comm Health, 2006;60:890-895. 

PMCID: PMC1519079 

 



  27 

279. Medina-Ramón M, Zanobetti A, Cavanagh DP, Schwartz J. Extreme Temperatures and 
Mortality: Assessing Effect Modification by Personal Characteristics and Specific Cause of Death in a 
Multi-City Case-Only Analysis. Environ Health Perspect 2006;114(9):1331-6.   

PMCID: PMC1570054  

 

280. Hu H, Téllez-Rojo MM, Bellinger D, Smith D, Ettinger AS, Lamadrid-Figueroa H, Schwartz J, 
Schnaas L, Mercado-García A, and Hernández-Avila M. Fetal Lead Exposure at Each Stage of 
Pregnancy as a Predictor of Infant Mental Development. Environ Health Perspect 2006;114(11):1730-5. 

PMCID: PMC1665421 

 
281. Brutsche MH, Downs SH, Schindler C, Gerbase MW, Schwartz J, Frey M, Russi EW, 
Ackermann-Liebrich U, Leuenberger P; SAPALDIA Team. Bronchial hyperresponsiveness and the 
development of asthma and COPD in asymptomatic individuals: SAPALDIA cohort study. Thorax. 
2006;61(8):671-7. 

PMCID: PMC2104688 

 
282. Elmarsafawy SF, Jain NB, Schwartz J, Sparrow D, Nie H, Hu H. Dietary Calcium as a Potential 
Modifier of the Relationship of Lead Burden to Blood Pressure. Epidemiology. 2006;17(5):531-537. 

PMID: 16878040 

 

283. Schwartz J. Invited Commentary: Ripeness Is All. Am J Epidemiol. 2006;164:434-6.  

PMID: 16793861 

 

284.  Weuve J, Kelsey KT, Schwartz J, Bellinger D, Wright RO, Rajan P, Spiro Iii A, Sparrow D, Aro 
A, Hu H. Delta-aminolevulinic acid dehydratase (ALAD) polymorphism and the relation between low-
level lead exposure and the Mini-Mental Status Examination in older men: the Normative Aging Study. 
Occup Environ Med. 2006,63 746-753.  

PMCID: PMC2077996 

 
285. Gerbase MW, Schindler C, Zellweger J-P, Künzli N, Downs SH, Brändli O, Schwartz J, Frey M, 
Burdet L, Rochat T, Ackermann-Liebrich U, Leuenberger P. Respiratory Effects of Environmental 
Tobacco Exposure are Enhanced by Bronchial Hyperreactivity. Am J Resp Crit Care Med, 2006; 
174(10):1125-31. 

PMCID: PMC2648112 

 
286. Franklin M, Zeka A, Schwartz J.  The association between PM2.5 and all cause and specific 
cause mortality in 27 US Communities. J Exp Sci Environ Epi, 2006;17, 279 - 287.  

PMID: 17006435 

 

287.  Park SK, Schwartz J, Weisskopf M, Sparrow D, Vokonas PS, Wright RO, Coull B, Nie H, and 
Hu H. 2006. Low-Level Lead Exposure, Metabolic Syndrome, and Heart Rate Variability: The VA 
Normative Aging Study. Environ Health Perspect: 2006:114; 114:1718–1724. 

PMCID: PMC1665394 

 



  28 

288. Park SK, O’Neill MS, Wright RO, Hu H, Vokonas PS, Sparrow D, Suh HH, Schwartz J. HFE 
genotype, particulate air pollution, and heart rate variability: A gene-environment interaction. Circulation, 
2006;114(25):2798-2805.  

PMID: 17145987 

289.  Baccini M, Biggeri A, Accetta G, Lagazio C, Lerxtundi A, Schwartz J. Comparison of 
alternative modelling techniques in estimating short-term effect of air pollution with application to the 
Italian meta-analysis data (MISA Study). Epidemiol Prev. 2006 Jul-Oct;30(4-5):279-88.  

PMID: 17176943 

 

290.  Tonne C, Melly S, Mittleman M, Coull B, Goldberg R, Schwartz J. A Case-Control analysis of 
Exposure to Traffic and Acute Myocardial Infarction. Environ Health Perspect 2007;115(1):53-7. 

PMCID: PMC1797833 

  

291. Baccarelli A, Zanobetti A, Martinelli I, Grillo P,Hou L, Giacomini S, Bonzini M,  Lanzani G, 
Mannucci PM, Bertazzi PA, Schwartz J. Effects of exposure to air pollution on blood coagulation. J 

Thromb Haemost, 2007 Feb;5(2):252-60.  

PMID: 17083648 

 

292.  Thomas D, Jerrett M, Kuenzli N, Louis T, Dominici F, Zeger S, Schwartz J, Burnett RT, 
Krewski D, Bates D. Bayesian model averaging in time series studies of air pollution and mortality. J 
Toxicol Environ Health, 2007, part A, 70:3; 311-15. 

PMID: 17365593 

 

293.  Park SK, O’Neill MS, Stunder BJB, Vokonas PS, Sparrow D, Koutrakis P, Schwartz J. Source 
location of air pollution and cardiac autonomic function: Trajectory cluster analysis for exposure 
assessment. J Exp Sci Env Epi, 2007;17(5):488-97.  

PMID: 17299527 

 

294.  Adar SD, Adamkiewicz G, Gold DR, Schwartz J, Coull BA, Suh H. Ambient and Micro-
Environmental Particles and Exhaled Nitric Oxide Before and After a Group Bus Trip. Environ Health 
Perspect, 2007 Apr;115(4):507-12.  

PMCID: PMC1852653 

 
295. Kaiser R, Le Tertre A, Schwartz J, Gotway CA, Daley WR, Rubin CH. The effect of the Chicago 
1995 heatwave on all-cause and cause-specific mortality. Am J Public Health, 2007 Apr;97 Suppl 
1:S158-62. 

PMCID: PMC1854989 

  
296. O’Neill MS, Veves A, Sarnat JA, Zanobetti A, Gold DR, Economides PA, Horton ES, Schwartz 
J. Air pollution and inflammation in type 2 diabetes: a mechanism for susceptibility. Occup Env Med 
2007, 64(6): 373-379. 



  29 

PMCID: PMC2078522 

  
297.  Baccarelli A, Zanobetti A, Martinelli I, Grillo P, Hou L, Lanzani G, Mannucci PM, Bertazzi PA, 
Schwartz J. Air pollution, smoking, and plasma homocysteine. Environ Health Perspect, 2007 
Feb;115(2):176-81.  

PMCID: PMC1831519 

 
298. Adar SD, Gold DR, Coull BA, Schwartz J, Stone PH, Suh H. Focused exposures to airborne 
traffic particles and heart rate variability in the elderly. Epidemiology. 2007;18(1):95-103. 

PMID: 17149139 

 

299.  Weisskopf MG, Proctor SP, Wright RO, Schwartz J, Spiro A 3rd, Sparrow D, Nie H, Hu H. 
Cumulative lead exposure and cognitive performance among elderly men. Epidemiology. 2007;18(1):59-
66. 

PMID: 17130688 

 

300.  Maynard D, Coull B, Gryparis A, Schwartz J. Mortality Risk Associated with Short-term 
Exposure to Traffic Particles and Sulfates. Environ Health Perspect, 2007 May;115(5):751-5.   

PMCID: PMC1867995 

 
301.  Jain NB, Potula V, Schwartz J, Vokonas PS, Sparrow D, Wright RO, Nie H, Hu H. Lead levels 
and Ischemic Heart Disease in a prospective study of middle-aged and elderly men: the VA Normative 
Aging Study. Environ Health Perspect, 2007;115(6):871-5.  

PMCID: PMC1892138 

 
302. Dietrich DF, Schwartz J, Schindler C, Gaspoz J-M, Barthélémy J-C, Tschopp J-M, Roche F, 
von Eckardstein A, Brändli O, Leuenberger P, Gold DR, Ackermann-Liebrich U and SAPALDIA-team. 
Effects of passive smoking on heart rate variability, heart rate and blood pressure: an observational 
study. Int J Epidemiol, 2007 Aug;36(4):834-40.  

PMID: 17440032 

 

303.  McCracken J, Diaz A, Smith KR, Mittleman MA, Schwartz J. Chimney Stove Intervention to 
Reduce Long-term Wood Smoke Exposure Lowers Blood Pressure among Guatemalan Women. 
Environ Health Perspect, 2007 115:996–1001.  

PMID: 17637912; PMCID: PMC1913602 

 
304. Zanobetti A, Schwartz J. Particulate Air Pollution, Progression, and Survival after Myocardial 
Infarction. Environmental Health Perspect, 2007 115:769–775.  

PMCID: PMC1867961 

 
305. Peters JL, Kubzansky L, McNeely E, Schwartz J, Spiro A III, Sparrow D, Wright RO, Nie H , Hu 
H. Stress as a Potential Modifier of the Impact of Lead Exposure Levels on Blood Pressure: The 
Normative Aging Study. Environ Health Perspect, 2007;115(8):1154-9.  



  30 

PMCID: PMC1940093 

 
306.  Cavallari JM, Eisen EA, Chen J-C, Fang SC, Dobson CB, Schwartz J, Christiani DC. Night 
Heart Rate Variability and Particulate Exposure among Boilermaker Construction Workers. 
Environmental Health Perspect, 2007 115:1046–1051.  

PMCID: PMC1913585 

 
307. Burns JS, Dockery DW, Neas LM, Schwartz J, Coull BA, Raizenne M, Speizer FE. Low dietary 
nutrient intakes and respiratory health in adolescents. Chest 2007; 132:238 –245.  

PMID: 17475634 

 

308.  Medina-Ramón M, Zanobetti A, Cavanagh DP, Schwartz J. Extreme Temperatures and 
Mortality: Assessing Effect Modification by Personal Characteristics and Specific Cause of Death in a 
Multi-City Case-Only Analysis. Environ Health Perspect 2006;114(9):1331-6.PMCID: PMC2095353 

 
309.  Schwartz J, Sarnat JA, Coull BA, Wilson WE. Effects of exposure measurement error on 
particle matter epidemiology: a simulation using data from a panel study in Baltimore, MD. J Exp Sci Env 
Epi, 2007;17:S2-S10.  

PMID: 18079760 

 

310.  Gryparis A, Coull BA, Schwartz J. Controlling for confounding in the presence of measurement 
error in hierarchical models: A Bayesian approach. J Exp Sci Environ Epi 2007;17:S20-S28. 

PMID: 18079761 

 

311.  Wang FT, Hu H, Schwartz J, Weuve J, Spiro AS III, Sparrow D, Nie H, Silverman EK, Weiss 
ST, Wright RO. 2007. Modifying Effects of the HFE Polymorphisms on the Association between Lead 
Burden and Cognitive Decline. Environ Health Perspect: 2007;115(8):1210-5. 

PMCID: PMC1940090 

 
312. Rajan P, Kelsey KT, Schwartz JD, Bellinger DC, Sparrow D, Spiro III A, Smith TJ, Wright R, 
Nieh H and Hu H. Lead Burden and Psychiatric Symptoms and the Modifying Influence of the |*delta*|-
Aminolevulinic Acid Dehydratase (ALAD) Polymorphism:  the VA Normative Aging Study. Am J 
Epidemiol, 2007 Dec 15;166(12):1400-8. 

PMCID: PMC2632805 

 
313. Alexeeff SE, Litonjua AA, Sparrow D, Vokonas PS, Schwartz J. Statin use reduces decline in 
lung function: VA Normative Aging Study. Am J Resp Crit Care Med, 2007; 176: 742-747.  

PMCID: PMC2020828 

 
314. O’Neill MS, McMichael AJ, Schwartz JD, Wartenberg D. Poverty, environment and health: The 
role of environmental epidemiology and environmental epidemiologists. Epidemiology, 2007; 18:664-68. 

PMID: 18049181 

 



  31 

315. Gryparis A, Coull BA, Schwartz J, Suh HH. Semiparametric latent variable regression models 
for spatiotemporal modeling of mobile source particles in the greater Boston area. Journal of the Royal 
Statistical Society: Series C (Applied Statistics), 2007;56:183-209. 

316. Alexeeff SE, Litonjua AA, Suh HH, Sparrow D, Vokonas PS, Schwartz J. Ozone exposure and 
lung function: effect modified by obesity and airways hyper-responsiveness in the VA Normative Aging 
Study. Chest, 2007;132(6):1890-7.  

PMID: 17925423 

 

317.  Downs SH, Schindler C, Liu Lee.-J S,  Keidel D, Bayer-Oglesby Lucy. Brutsche MH. Gerbase 
MW. Keller R. Künzli N. Leuenberger P, Probst-Hensch NM. Tschopp J-M. Zellweger J-P. Rochat T. 
Schwartz J. Ackermann-Liebrich U.  and the SAPALDIA Team. Reduction in PM10 Attenuates Age-
Related Lung Function Decline in Adults, New England. J Med, 2007;357:2338-47.  

318. Perlstein T, Weuve J, Schwartz J, Sparrow D, Wright R, Litonjua A,  Nie H, Hu H. Cumulative 
Community-Level Lead Exposure and Pulse Pressure: The VA Normative Aging Study.  Environ Health 
Perspect, 2007 Dec;115(12):1696-700. 

PMCID: PMC2137129 

 
319.  Samoli E, Touloumi G, Schwartz J, Anderson HR, Schindler C, Forsberg B, Vigotti MA, Vonk 
J, Kosnik M, Skorkovsky J, K Katsouyanni K. 2007. Short-Term Effects of Carbon Monoxide on 

Mortality: an Analysis within the APHEA project. Environ Health Perspect: 2007 Nov;115(11):1578-83.  

PMCID: PMC2072841 

 
320. Chahine T, Baccarelli A, Litonjua A, Wright RO, Suh H, Gold DR, Sparrow D, Vokonas P, 
Schwartz J. Particulate air pollution, oxidative stress genes, and heart rate variability in an elderly 
cohort. Environ Health Perspect. 2007;115(11):1617-22. 

PMCID: PMC2072834 
 

321. Kinney PL, O’Neill MS, Michelle L. Bell ML, Reardon AM,  Schwartz J.  Approaches for 
estimating effects of climate change on heat-related deaths: Challenges and opportunities. Environ Sci 
Policy, 2008; 11(1):87-96. 

322. Park SK, O’Neill MS, Vokonas PS, Sparrow D, Wright RO, Coull B, Nie H, Hu H, Schwartz J. 
Air pollution and heart rate variability: Effect modification by chronic lead exposure. Epidemiol, 
2008:19(1): 111-120. 

PMCID: PMC2671065 

 

323. Franco Suglia S, Gryparis A, Schwartz J, Wright RO, Wright RJ. Black carbon associated with 
cognition among children in a prospective birth cohort study. Am J Epidemiol, 2008; 167:280-286. 

PMID: 18006900 

 

324.  Arora MS. Ettinger AS, Peterson KE, Schwartz J, Hu H, Hernández-Avila M, Martha Tellez-
Rojo  MM, and Wright RO. Maternal Dietary Intake of Polyunsaturated Fatty Acids Modifies the 
Relationship between Lead Levels in Bone and Breast Milk. The Journal of Nutrition, 2008 
Jan;138(1):73-9. 



  32 

PMCID: PMC2628754 

  
325. Schwartz J, Coull B, Laden F, Ryan L. The Effect of Dose and Timing of Dose on the 
Association between Airborne Particles and Survival. Environ Health Perspect, 2008; 116:64–69.  

PMCID: PMC2199297 

 
326. Zanobetti A, Schwartz J. Mortality displacement in the Association of Ozone with Mortality: An 
analysis of 48 US Cities. Am J Resp Crit Care Med, 2008;177(2):184-9.  

PMID: 17932375 

 

327.  Foos B, Marty M, Schwartz J, Bennett W, Moyer J, Jarabek AM, Salmon AG. Focusing on 
Children’s Inhalation Dosimetry and Health Effects for Risk Assessment: An Introduction. J Toxicol 
Environ Health, Part A, 2008;71:1-17. 

PMID: 18097943 

 

328.  Bateson TF, Schwartz J. Children’s Response to Air Pollution. J Toxicol Environ Health, Part 
A, 2008;71:238-43. 

PMID: 18097949 

 

329.  Surkan PJ, Schnaas L, Wright RJ, Téllez-Rojo MM, Lamadrid H, Hu H, Hernández-Avila M, 
Bellinger DC, Schwartz J, Perroni E, Wright RO. Maternal self-esteem, exposure to lead, and child 
neurodevelopment. Neurotoxicology, 2008;2:278-85. 

PMCID: PMC2495770 

 

330. Zanobetti A, Schwartz J. Temperature and mortality in nine US cities. Epidemiol, 
2008;19(4):563-70. 

PMCID: PMC3722554 

 
331.  Baccarelli A, Martinelli I, Zanobetti A, Grillo P, Hou L-F, Bertazzi PA, Mannucci PM, Schwartz 
J. Exposure to Particulate Air Pollution and Risk of Deep Vein Thrombosis. Arch Internal Med, 2008 May 
12;168(9):920-7. 

PMCID: PMC3093962 

 
332. Cavallari JM, Fang SC, Eisen EA, Schwartz J, Hauser R, Herrick R, Christiani DC. Time course 
of heart rate variability decline following particulate matter exposures in an occupational cohort. Inhal 
Tox. 2008 Feb;20(4):415-22. 

PMID: 18302049 

 

333.  Medina-Ramon M, Goldberg R, Melly S, Mittleman MA, Schwartz J. Residential Exposure to 
Traffic-Related Air Pollution and Survival After Heart Failure. Environ Health Perspect, 2008 
Apr;116(4):481-5. 

PMCID: PMC2290984 

  



  33 

334.  Franklin M, Schwartz J. The impact of secondary particles on the association between ambient 
ozone and mortality. Environ Health Perspect, 2008 Apr;116(4):453-8.  

PMCID: PMC2290974 
 

335. Franco-Suglia S, Wright RO, Schwartz J, Wright RJ. Association between lung function and 
cognition among children in a prospective birth cohort study. Psychosomatic Medicine, 2008 
Apr;70(3):356-62. 

PMCID: PMC3086642 

 
336.  Chen JT, Coull BA. Waterman PD, Schwartz J, Krieger N. Methodological Implications of 
social inequalities for analyzing health disparities in large spatiotemporal datasets: an example using 
breast cancer incidence data (Northern and Southern California, 1988-2002). Stat Med, 2008; 27:3957-
83. 

PMCID: PMC2679974 

 
337. Yanosky JD, Paciorek CJ, Schwartz J, Laden F, Puett R, Suh HH. Spatio-Temporal Modeling 
of Chronic PM10 Exposure for the Nurses Health Study. Atmospheric Environment, 2008; 42:4047-
4062. 

PMCID: PMC2705904 

  
338. Medina-Ramon M, Schwartz J. Who is more vulnerable to die from ozone air pollution? 
Epidemiol, 2008;19(5):672-9.  

PMID: 18480732 

 

339. Baccarelli A, Cassano PA, Litonjua A, Park SK, Suh H, Sparrow D, Vokonas P, Schwartz J. 
Cardiac Autonomic Dysfunction: Effects from Particulate Air Pollution and Protection by Dietary Methyl 
Nutrients and Metabolic Polymorphisms. Circulation, 2008 Apr 8;117(14):1802-9.  

PMCID: PMC3093965 

 
340. Chen J-C, Schwartz J. Metabolic Syndrome and Inflammatory Responses to Long-term 
Particulate Air Pollutants. Environ Health Perspect, 2008, 116: 612-617.  

PMCID: PMC2367655 

 
341. Stafoggia S, Schwartz J, Forastiere F, Perucci CA, and the SISTI Group. Does Temperature 
Modify the Association between Air Pollution and Mortality? a multi-city case-crossover analysis in Italy. 
Am J Epidemiol, Jun 15;167(12):1476-85.  

PMID: 18408228 

 

342. Franklin M, Koutrakis P, Schwartz J. The role of particle composition on the association 
between PM2.5 and Mortality. Epidemiol, 2008; 19(5): 680-689. 

PMCID: PMC3755878 

 
343. Arora M, Weuve J, Schwartz J Wright RO. Association of Environmental Cadmium Exposure 
with Pediatric Dental Caries. Environ Health Perspect, 2008: 116:821–825.  



  34 

PMCID: PMC2430240 

 

344.   Rajan P, Kelsey KT, Schwartz JD, Bellinger DC, Weuve J, Sparrow D, Smith TJ,  Nie H, 
Weisskopf MG, Hu H, and Wright RO. Interaction of the δ-Aminolevulinic Acid Dehydratase (ALAD) 
Polymorphism and lead burden on cognitive function:  the VA Normative Aging Study. J Occup Environ 
Med, 2008 Sep;50(9):1053-1061. 

PMCID: PMC3664949 

 
345.  Park SK, O’Neill MS, Vokonas PS, Sparrow D, Spiro III A, Tucker KL, Suh H, Hu H, Schwartz 
J. Traffic-related particles are associated with elevated homocysteine: the VA Normative Aging Study. 
Am J Respir Crit Care Med, 2008 Aug 1;178(3):283-9.   

PMCID: PMC2542426 

 
346. Alexeeff SE, Litonjua AA, Wright RO, Baccarelli A, Suh H, Sparrow D, Vokonas PS, Schwartz 
J. Ozone exposure, antioxidant genes, and lung function in an elderly cohort: VA Normative Aging 
Study. Occup Environ Med, 2008; 65: 736-742.  

PMCID: PMC2575239 

 
347. Hopkins MR, Ettinger AS, Hernandez-Avilo M, Schwartz J, Tellez-Rojo MM, Lamidrid-Figueroa 
H, Bellinger D, Hu H, Wright RO. Variants in Iron Metabolism Genes Predict Higher Blood Lead Levels 
in Young Children. Environ Health Perspect, 2008 Sep;116(9):1261-6.  

PMCID: PMC2535632 

 

348. Zanobetti A, Schwartz J. Is there adaptation in the ozone-mortality relationship: A multi-city 
case crossover analysis. Environmental Health, 2008, 7:22.  

PMCID: PMC2429903 

 

349. Yanoski J, Schwartz J, Suh HH. Association between measures of socioeconomic position and 
chronic nitrogen dioxide exposure in Worcester, MA. J Toxicol Environ Health, 2008;71(24):1593-602. 

PMID:18850459 

 

350.  Franco-Suglia S, Gryparis A, Schwartz J, Wright RJ. Association between traffic-related black 
carbon exposure and lung function among urban women. Environ Health Perspect, 2008 October; 
116(10): 1333–1337doi:10.1289/ehp.11223.    

PMCID: PMC2569091 

 
351.  Cavallari JM, Eisen EA, Fang SC, Schwartz J, Hauser R, Herrick RF, Christiani DC. PM2.5 
metal exposures and night heart rate variability: A panel study of boilermaker construction workers.  
Environmental Health 2008, 7:36doi:10.1186/1476-069X-7-36. 

PMCID: PMC2481261 

 
352.  Felber-Dietrich D, Gemperli A, Gaspoz J-M, Schindler C, Liu L-J, Gold DR, Schwartz J, Rochat 
T, Barthélémy J-C, Pons M, Roche F, Probst Hensch NM, Bridevaux P-O, Gerbase M, Neu U, 
Ackermann-Liebrich U, and the SAPALDIA Team. Differences in Heart Rate Variability Associated with 
Long term Exposure to NO2. Environ Health Perspect, 2008; 116:1357-1361. 



  35 

PMCID: PMC2569095 

 
353.   Probst-Hensch NM, Imboden M, Felber-Dietrich D, Barthélemy J-C, Ackermann-Liebrich U 
Berger W, Gaspoz JM, Schwartz J. Glutathione S-Transferase Polymorphisms, Passive Smoking, 
Obesity, and Heart Rate Variability in Non-Smokers. Environ Health Perspect, 2008; 116(11):1494-
1499.  

PMCID: PMC2592269 

 
354. Middleton N, Yiallouros P, Kleanthous S, Kolokotroni O, Schwartz J, Dockery DW, Demokritou 
P, and Koutrakis P.  A 10-year time-series analysis of respiratory and cardiovascular morbidity in 
Nicosia, Cyprus: the effect of short-term changes in air pollution and dust storms. Environmental Health 
2008, 7:39.  doi:10.1186/1476-069X-7-39. 

PMCID: PMC2517071 

 
355. Chuang KJ, Coull BA, Zanobetti A, Suh H, Schwartz J, Stone PH, Litonjua A, Speizer FE, Gold 
DR. Particulate Air Pollution as a Risk Factor for ST-segment Depression in Patients with Coronary 
Artery Disease. Circulation, 2008;118;1314-1320.  

PMCID: PMC2751595 

 
356. Zota AR, Ettinger AS, Bouchard M, Amarasiriwardena CJ, Schwartz J, Hu H, Wright RO. 
Association of maternal blood manganese levels with infant birth weight. Epidemiology, 2009;20:37-73.   

PMCID: PMC3113478 

 
357. Park SK, Hu H, Wright RO, Schwartz J, Cheng Y, Sparrow D, Vokonas PS, Weisskopf M. Iron 
Metabolism Genes, Low-Level Lead Exposure and QT Interval. Environ Health Perspect: 2009 
Jan;117(1):80-5.  

PMCID: PMC2627870 

 
358. Zanobetti A, Bind MA, Schwartz J. Particulate air pollution and survival in a COPD cohort. 
Environ Health, 2008;7:48. 

PMCID: PMC2572050 

 

359.  Puett RC, Schwartz J, Hart JE, Yanosky JD, Speizer FE, Suh H, Paciorek CJ, Neas LM, 
Laden F. Chronic Particulate Exposure, Mortality, and Coronary Heart Disease in the Nurses Health 
Study. Am J Epidemiol, 2008; 168(10):1161-1168.  

PMCID: PMC2732957 

 
360. Zeka A, Melly S, Schwartz J. The effects of socioeconomic status and indices of physical 
environment on reduced birth weight and preterm births in Eastern Massachusetts. Environ Health, 
2008; 7:60 

PMCID: PMC2607263 

 
361. Gryparis A, Paciorek CJ, Zeka A., Schwartz J., Coull BA.  Measurement error caused by spatial 
misalignment in environmental epidemiology. Biostatistics. 2009 Apr;10(2):258-74.   



  36 

PMCID: PMC2733173 

 
362. Chen JC & Schwartz J.  Neurobehavioral effects of ambient air pollution on cognitive 
performance in US adults. Neurotoxicology. 2009; 30 (2):231-9. 

PMID: 19150462 

 

363.  McCracken J, Schwartz J, Bruce N, Mittleman MA, Ryan LM, Smith KR. Combining individual 
and group-level exposure information: child carbon monoxide in the Guatemala woodstove randomized 
control trial. Epidemiol, 2009; 20(1): 127-136.  

PMID: 19057384 

364.  Ettinger AS, Lamadrid-Figueroa H, Téllez-Rojo MM, Mercado-García A, Peterson KE, 
Schwartz J, Hu H, and Hernández-Avila M. Effect of Calcium Supplementation on Blood Lead Levels in 
Pregnancy: A Randomized Control Trial. Environ Health Perspect, 2009; 117: 26–31.   

PMCID: PMC2627861 

 
365. Tarantini L, Bonzini M, Apostoli P, Pegoraro V, Bollati V, Marinelli B, Cantone L, Rizzo G, Hou 
L, Schwartz J, Bertazzi PA, Baccarelli A. Effects of Particulate Matter on Genomic DNA Methylation 
Content and iNOS Promoter Methylation. Environ Health Perspect, 2009; 117(2): 217-222. 

doi:10.1289/ehp.11898. 

PMCID: PMC2649223 

 
366. Bollati V, Schwartz J, Wright RO, Litonjua A, Tarantini L, Suh H, Sparrow D, Vokonas P, 
Baccarelli A. Decline in Genomic DNA Methylation through Aging in a Cohort of Elderly Subjects. 
Mechanisms Aging and Development, 2009; 130: 234-239. 

PMCID: PMC2956267 

 
367.   Park SK, O’Neill MS, Tucker KL, Sparrow D, Vokonas PS, Hu H, Schwartz J. Fruit, vegetables 
and fish consumption and heart rate variability: the VA Normative Aging Study. Am J Clinical Nutrition, 
2009, 89(3): 778-786. 

368. Schindler C, Keidel D, Gerbase MW, Zemp E, Bettschart R, Bolognini G, Brandli O, Brutsche 
MH, Burdet L, Karrer W, Knopfli B, Schwartz J, Rapp R, Liu S, Bayer-Oglesby L, Kunzli N, Rochat T, 
Ackerman-Liebrich U. Improvements in PM10-Exposure and Reduced Rates of Respiratory Symptoms 
in a Cohort of Swiss Adults (SAPALDIA-study). Am J Respir Crit Care Med. 2009 Apr 1;179(7):579-87. 

PMID: 19151198 

 

369.  Baccarelli A, Wright, RO, Bollati, V, Tarantini, L, Litonjua, AA, Suh,HH, Zanobetti,A, Sparrow,D, 
Vokonas, PS, Schwartz, J.  Rapid DNA Methylation Changes after Exposure to Traffic Particles.  Am. J. 
Respir. Crit. Care Med, 2009; 179:572-8.  

PMCID: PMC2720123 

 

370. Zanobetti A & Schwartz J.  The effect of fine and coarse particulate air pollution on mortality: A 
national analysis.  Environ Health Perspect, 2009 Jun;117(6):898-903. 

PMCID: PMC2702403 



  37 

 

371. von Klot S, Coull BA, Goldberg RJ, Gryparis A, Lessard D, Melly SJ, Tonne C, Yanoski J,  
Schwartz J. Association of Survival after Acute Myocardial Infarction and elemental carbon exposure at 
residence. Epidemiol, 2009 Jul;20(4):547-54.  

PMID: 19289965 

 

372.  Weuve J, Korrick SA, Weisskopf MA, Ryan LM, Schwartz J, Nie H, Grodstein F, Hu H. 
Cumulative exposure to lead in relation to cognitive function in older women. Environ Health Perspect, 
2009;117:574-80.  

PMCID: PMC2679601 

 
373.  Nie H, Sanchez BN, Wilker E, Weisskopf M, Schwartz J, Sparrow D, Hu H. Bone Lead and 
Endogenous Exposure in an Environmentally Exposed Elderly Population: the Normative Aging Study. 
J. Occup Environ Med, 2009 Jul;51(7):848-57. 

PMCID: PMC3800179 

 
374.  Mordukhovich I, Wright RO, Amarasiriwardena C, Baja E, Baccarelli A, Suh H, Sparrow D, 
Vokonas P, Schwartz J. Association between low-level environmental Arsenic exposure and QT interval 
duration in a general population study. Am J Epidemiol, 2009 Sep 15;170(6):739-46.  

PMCID: PMC2768521 

 

375.  Bouchard M, Bellinger DC, Weuve J, Mathews-Bellinger J, Gilman SE, Wright RO, Schwartz J, 
Weisskopf M. Blood lead levels and major depressive disorder, panic disorder, and generalized anxiety 
disorder in U.S. young adults.  Arch Gen Psychiatry, 2009;66:1313:1319.  

PMCID: PMC2917196 

 
376. Weisskopf MG, Jain N, Nie H, Sparrow D, Vokonos P, Schwartz J, Hu H. A prospective study 
of bone lead concentrations and deaths from all causes, cardiovascular diseases, and cancer in the VA 
Normative Aging Study. Circulation, 2009 Sep 22;120(12):1056-64.  

PMCID: PMC2760410 

 
377.  Levy J, Baxter L, Schwartz J.  Uncertainty and variability in health-related damages from coal-
fired power plants in the United States. Risk Analysis;2009 29(7):1000-14.  

PMID:19392676 

 

378.  Baccarelli A, Martinelli I, Pegoraro V, Melly S, Grillo P, Zanobetti A, Hou L, Bertazzi A, 
Mannucci M, Schwartz J. Living near major traffic roads and risk of deep vein thrombosis. Circulation, 
2009 Jun 23;119(24):3118-24. 

PMCID: PMC2895730 

 
379. Samoli E, Zanobetti A, Schwartz J, Atkinson R, LeTertre A, Schindler C, Perez L, Cadum E, 
Pekkanen J, Paldy A, Touloumi G, Katsouyanni K. The Temporal Pattern of Mortality Responses to 
Ambient Ozone in the APHEA project. J. Epidemiol Com Health, 2009 Dec;63(12):960-6.   



  38 

PMID: 19648130 

 

380.  Imboden M, Schwartz J, Schindler C, Curjuric I, Berger W, Liu S, Russl E, Ackermann-Liebrich 
U, Rochat T, Probs-Hensch N and SAPALDIA team. Improved PM10 Exposure Attenuates Age-Related 
Lung Function Decline: Genetic Variants in P53, p21, and CCND1 Modify this Effect. Environ Health 
Perspect, 2009 Sep;117(9):1420-7. 

PMCID: PMC2737020 

 
381. Ren C, Baccarelli A, Wilker E, Suh H, Sparrow D, Vokonas P, Wright R, Schwartz J. Lipid and 
endothelial related genes, ambient particulate matter, and heart rate variability—the VA Normative Aging 
Study. J Epidemiol Comm Health, 2010 Jan;64(1):49-56.  

PMCID: PMC3935361  

 
382.  Zanobetti A, Stone PH, Speizer FE, Schwartz JD, Coull BA, Nearing BC, Verrier RL, Gold DR. 
T-wave alternans, air pollution and traffic in high-risk subjects. Am J Cardiol. 2009 Sep 1;104(5):665-70. 

PMCID: PMC3139397 

  
383. Wilker EH, Alexeeff SE, Poon A, Litonjua AA, Sparrow D, Vokonas PS, Mittleman MA, 
Schwartz J. Candidate genes for respiratory disease associated with markers of inflammation and 
endothelial dysfunction in elderly men. Atherosclerosis, 2009, Oct;206(2):480-5. 

PMCID: PMC2882878  

 
384.  Ettinger AE, Zota AR, Amarasiriwardena CJ, Hopkins MR, Schwartz J, Hu H, Wright RO. 
Maternal Arsenic Exposure and Impaired Glucose Tolerance during Pregnancy. Environ Health 
Perspect: 2009 Jul;117(7):1059-64. 

PMCID: PMC2717130 

 
385. Wilker EH, Mittleman MA, Litonjua AA, Poon A, Baccarelli A, Suh H, Wright RO, Sparrow D, 
Vokonas P, Schwartz J. Postural changes in blood pressure associated with interactions between 
candidate genes for chronic respiratory diseases and exposure to particulate matter. Environ Health 
Perspect, 2009;117:935-40. 

PMCID: PMC2702409 

 
386.  Reid CE, O’Neill MS, Gronlund CJ, Brines S, Brown D, Diez-Roux A, Schwartz J. Mapping 
community determinants of heat vulnerability. Environ Health Perspect, 2009 Nov;117(11):1730-6. 

PMCID: PMC2801183 

 

387. Puett R, Hart JE, Yanosky J, Paciorek CJ, Schwartz J, Suh H, Speizer FE, Laden F. Chronic 
fine and coarse particulate exposure, mortality and coronary heart disease in the Nurses’ Health Study. 
Environ Health Perspect, 2009 Nov;117(11):1697-701. 

PMCID: PMC2801178 

 



  39 

388.  Tonne C, Yanoski J, Gryparis A, Melly S, Mittleman M, Goldberg R, von Klot S, Schwartz J. 
Traffic Particles and Occurrence of Acute Myocardial Infarction: a case-control analysis. Occup Environ 
Med, 2009 Dec;66(12):797-804.  

PMCID: PMC2776243 

 

389. Roy A, Bellinger D, Hu H, Schwartz J, Ettinger AS, Wright RO, Bouchard M, Balakrishnam K. 
Lead exposure and behavior among young children in Chennai, India. Environ Health Perspect, 2009 
Oct;117(10):1607-11.  

PMCID: PMC2790517 

 

390. Arora M, Weuve J, Schwartz J, Wright RO. Association of environmental cadmium exposure 
with periodontal disease in U.S. adults. Environ Health Perspect, 2009 May;117(5):739-44.  

PMCID: PMC2685835 

 

391.  O'Neill MS, Carter R, Kish JK, J Gronlund CJ, White-Newsome JL, Manarolla X, Zanobetti A, 
Schwartz JD. Preventing heat-related morbidity and mortality: New approaches in a changing climate. 
Maturitas. 2009 Oct 20;64(2):98-103. 

PMCID: PMC2793324 

 
392.  Ren C, Park SK, Vokonas P, Sparrow D, Wilker E, Baccarelli A, Suh H, Wright RO, Schwartz 
J. Air Pollution and Homocysteine: More Evidence that Oxidative Stress-related Genes Modify Effects of 

Particulate Air Pollution. Epidemiology, 2010 Mar;21(2):198-206.  

PMCID: PMC3939788 

 

393. Mordukhovich I, Wilker E, MacIntosh HS, Wright RO, Vokonas P, Sparrow D, Schwartz J. 
2009. Black Carbon Exposure, Oxidative Stress Genes, and Blood Pressure in a Repeated Measures 
Study Environ Health Perspect: 2009 Nov;117(11):1767-72.  

PMCID: PMC2801196 

 
394.  Urch B, Speck M, Corey P, Wasserstein D, Manno M, Lukic KZ, Brook JR, Liu L, Coull B, 
Schwartz J, Gold DR, Silverman F. Concentrated Ambient Fine Particles and not Ozone Induce a 
Systemic Interleukin-6 Response in Humans. Inhalation Toxicology, 2010;22:210-8.  

PMID: 20088738 

 

395.  Curjuric I, Imboden M, Schindler C, Downs SH, Hersberger M, Liu SLJ, Matyas G, Russi EW, 
Schwartz J, Thun GA, Postma DS, Tochat T Probst-Hensch N, and SAPALDIA team. HMOX and GST 
variants modify attenuation of FEF25-75 decline due to PM10 reduction. E Resp J, in press.  

PMID: 20190330 

 

396.  Hoxha M, Dioni L, Bonzini M, Peastori AC, Fustinoni S, Cavallo D, Carugno M, Albetti B, 
Marinelli B, Schwartz J, Bertazzi PA, Baccarelli A. Association between leukocyte telomere shortening 
and exposure to traffic pollution: a cross-sectional study on traffic officers and indoor office workers. 
Environmental Health 2009, 8:41doi:10.1186/1476-069X-8-41. 



  40 

PMCID: PMC2761867  

 

397. Thompson A, Zanobetti A, Silverman F, Schwartz J, Coull B, Urch B, Speck M, Brook J, Manno 
M, Gold DR. Baseline Repeated-Measures from Controlled Human Exposure Studies: Associations 
between Ambient Air Pollution Exposure and Systemic Inflammatory Biomarkers (IL-6, Fibrinogen). 
Environ Health Perspect, 2010 Jan;118(1):120-4.  

PMCID: PMC2831955 

 

398. Madrigano J, Baccarelli A, Wright RO, Suh H, Sparrow D, Vokonas PS, Schwartz J. Air 
pollution, Obesity, Genes, and Cellular Adhesion Molecules. Occupational and Environ Med, 2010; 
67:312-7. 

PMCID: PMC3229824 

  
399.  Peters JL, Weisskopf MG, Spiro A III, Schwartz J, Sparrow D, Nie H, Hu H, Wright RO, and 
Wright RJ. Interaction of Stress, Lead Burden and Age on Cognition in Older Men: The VA Normative 
Aging Study. Environ Health Perspect, 2010 Apr;118(4):505-10. 

PMCID: PMC2854727 

 

400. Roy A, Hu H, Bellinger DC, Palaniapan K, Wright RO, Schwartz J, Balakrishnan K. Predictors 
of blood lead in children in Chennai, India (2005-2006). Int J Occup Environ Health. 2009 Oct-
Dec;15(4):351-9. 

PMID: 19886345 

 

401.  O'Neill MS, Jackman DK, Wyman M, Manarolla X, Gronlund CJ, Brown DG, Brines SJ, 
Schwartz J, Diez-Roux AV. US local action on heat and health: are we prepared for climate change? Int 
J Public Health. 2010; 55:105-112.  

PMID: 19774340 

 

402.  Zanobetti A, Franklin M, Koutrakis P, Schwartz J.  Fine particulate air pollution and its 
components in association with cause-specific emergency admissions. Environmental Health 2009, 8:58 
(21 December 2009) 

PMCID: PMC2807856 

 
403.  Ren C, Melly S, Schwartz J. Modifiers of Short-term Effects of Ozone on Mortality in Eastern 
Massachusetts-- A case-crossover analysis at individual level. Environ Health 2010 Jan 21;9:3.  

PMCID: PMC2825215 

 
404.  Claus Henn B, Ettinger AS, Schwartz J, Téllez-Rojo MM, Lamadrid-Figueroa H, Hernández-
Avila M, Schnaas L, Amarasiriwardena C, Bellinger DC, Hu H, Wright RO. Early Postnatal Blood 
Manganese Levels and Children’s Neurodevelopment. Epidemiol, 2010 Jul;21(4):433-9.  

PMCID: PMC3127440 

405.  Bollati V, Marinelli B, Apostoli P, Bonzini M, Nordio F, Hoxha M, Pegoraro V, Motta V, Tarantini 
L, Cantone L, Schwartz J, Bertazzi PA, Baccarelli A. Exposure to Metal-rich Particulate Matter Modifies 



  41 

the Expression of Candidate MicroRNAs in Peripheral Blood Leukocytes. Environ Health Perspect, 2010 
Jun;118(6):763-8.  

PMCID: PMC2898851  

 

406.  Wright RO, Schwartz J, Wright RJ, Bollati V, Tarantini L, Park SK, Hu H, Sparrow D, Baccarelli 
A. Biomarkers of lead exposure and DNA methylation within retrotransposons. Environ Health Perspect: 
2010 Jun;118(6):790-5. 

PMCID: PMC2898855 

 

407.  Dove MS, Dockery DW, Mittleman MA, Schwartz J, Sullivan EM, Keithly L, Land T. The impact 
of Massachusetts’ smoke-free workplace law on acute myocardial infarction deaths. Am J Pub Health, 
2010 Nov;100(11):2206-12.  

PMCID: PMC2951939 

 
408. Baccarelli A, Tarantini L, Wright RO, Bollati V, Litonjua AA, Zanobetti A, Sparrow D, Vokonas P, 
Schwartz J. Repetitive element DNA methylation and circulating endothelial and inflammation markers 
in the VA Normative Aging Study. Epigenetics, in press.  

PMCID: PMC3155741 

 
409.  Wilker EH, Baccarelli A, Suh H, Vokonas P, Wright RO, Schwartz J. Black Carbon Exposures, 
Blood Pressure and  Interactions with SNPs in MicroRNA Processing Genes. Environ Health Perspect, 
2010 Jul;118(7):943-8. 

PMCID: PMC2920913 

 
410. Katsouyanni K, Samet J, Anderson HR, Atkinson R, Le Tertre A, Medina S, Samoli E, Touloumi 
G, Burnett RT, Krewski D, Ransay T, Dominici F, Peng RD, Schwartz J. Zanobetti A. Air Pollution and 
health: A European and North American approach. Res Rep Health Eff Inst. 2009; 142:5-90. 

PMID: 20073322 

 

411. Zanobetti A, Gold DR, Stone PH, Suh HH, Schwartz J, Coull BA, Speizer FE. Reduction in 
heart rate variability with traffic and air pollution in patients with coronary artery disease. Environ Health 
Perspect, 2010:118: 324-30. 

PMCID: PMC2854758 

 

412. Curjuric I, Zemp E, Dratva J, Ackermann-Liebrich U, Bridevaux P-O, Bettschart RW, Brutsche 
M, Frey M, Gerbase MW, Knopfli B, Kuenzli N, Pons M, Schwartz J, Schindler C, Rochat T. 
Determinants of change in airway reactivity over 11 years in a population study. Euro Resp J, 2010 
Mar;35(3):505-14. 

PMID: 20530037 

 

413. Baja ES, Schwartz JD, Wellenius GA, Coull BA, Zanobetti A, Vokonas P, Suh H.  Traffic-
Related Air Pollution and QT Interval: Modification by Diabetes, Obesity, and Oxidative Stress Gene 
Polymorphisms in the Normative Aging Study (NAS). Environ Health Perspect, 2010;118:840-46. 



  42 

PMCID: PMC2898862 

  
414.  Luttmann-Gibson H, Suh HH, Coull BA, Dockery DW, Sarnat SE, Schwartz J, Stone PH, Gold 
DR. Systemic inflammation, heart rate variability and air pollution in a cohort of senior adults. Occup 
Environ Med. 2010 Sep;67(9):625-30. 

PMID: 20519749 

 

415.  Halonen Jaana I, Zanobetti A, Sparrow D, Vokonas P, Schwartz J. Association between 
outdoor temperature and markers of inflammation: A cohort study. Environ Health 2010, 9:42.  

PMCID: PMC2920265 

 

416.  Park SK, Elmarsafawy S, Mukherjee B, Spiro A, Vokonas PS, Nie H, Weisskopf M, Schwartz 
J, Hu H. Cumulative Lead Exposure and Age-related Hearing Loss: The VA Normative Aging Study. 

Hearing Research 2010;269(1-2):48-55.  

PMCID: PMC2934752 

 
417.  Hou L, Zhu ZZ, Zhang X, Nordio F, Bonzini M, Schwartz J, Hoxha M, Dioni L, Marinelli B, 
Pegoraro V, Apostoli P, Bertazzi PA and Baccarelli A. Airborne particulate matter and mitochondrial 
damage: a cross-sectional study. Environmental Health 2010, 9:48. 

PMCID: PMC2928195  

 

418. Carbajal-Arroyo L, Miranda-Soberanis V, Medina-Ramon M, Rojas-Bracho L, Tzintzun G, Soĺıs-
Gutíerrez P, Mendez-Ramırez I, Hurtado-D́ıaz M, Schwartz J, Romieu I. Effect of PM10 and O3 on 
infant mortality among residents in the Mexico City Metropolitan Area: a case-crossover analysis, 1997-
2005. J Epidemiol Comm Health 2011; 65:715-21. 

PMID: 20724286 

 

419.  McCracken J, Baccarelli A, Hoxha M, Dioni L, Coull B, Suh H, Vokonas P, Schwartz J. Annual 
Ambient Black Carbon Associated with Shorter Telomeres in Elderly Men: Veterans Administration 
Normative Aging Study. Environmental Health Perspectives, 2010. 118: 1564-70.  

PMCID: PMC2974694 

 
420. Weisskopf MG, Weuve J, Nie H, Saint-Hilaire M-H, Sudarsky L, Simon DK, Hersh B, Schwartz 
J, Wright RO, Hu H. 2010 Association of Cumulative Lead Exposure with Parkinson's Disease. Environ 
Health Perspect 2010 Nov;118(11):1609-13. 

PMCID: PMC2974701 

 
421.  Zanobetti A, Redline S, Schwartz J, Rosen D, Patel S, O'Connor GT, Lebowitz M, Coull BA, 
Gold DR. Associations of PM10 with Sleep and Sleep-disordered Breathing in Adults from Seven U.S. 
Urban Areas. Am J Respir Crit Care Med, 2011, 184:836-41.  

PMCID: PMC2949406 

 

422. Mehta Aj, Malloy EJ, Applebaum KM, Schwartz J, Christiani DC, Eisen EA. Reduced Lung 
cancer mortality and exposure to synthetic fluid biocide in the auto manufacturing industry. Scand J 
Work Environ Health, 2010 Nov;36(6):499-508.  



  43 

PMID: 20835688 

 

423.  Halonen JI, Zanobetti A, Sparrow D, Vokonas P, Schwartz J. Relationship between Outdoor 
Temperature and Blood Pressure. Occup Environ Med, 2011 Apr;68(4):296-301.  

PMID: 20864465 

 

424. Ren C, Fang S, Wright R, Suh H, Schwartz J. Urinary 8-Hydroxy-2´-Deoxyguanosine as a 
Biomarker of Oxidative DNA Damage Induced by Ambient Pollution in the Normative Aging Study. 
Occup Environ Med 2011; 68:562-69.  

PMCID: PMC3786183 

 
425. Roy A, Hu H, Bellinger DC, Mukherjee B, Modali R, Nasaruddin K, Schwartz J, Wright RO, 
Ettinger AS, Palaniapan K, Balakrishnan K. Hemoglobin, Lead Exposure, and Intelligence Quotient: 

Effect Modification by the Dopamine Receptor D2 Taq IA Polymorphism. Environ Health Perspect, 2011 
Jan;119(1):144-9.  

PMCID: PMC3018494 

 
426.  Zhu ZZ, Hou L, Bollati V, Tarantini L, Marinelli B, Cantone L, Yang AS, Vokonas P, Lissowska 
J, Fustinoni S, Pesatori AC, Bonzini M, Apostoli P, Costa G, Bertazzi PA, Chow WH, Schwartz J, 
Baccarelli A. Predictors of global methylation levels in blood DNA of healthy subjects: a combined 
analysis. Int J Epidemiol.(2012, 41 (1): 126-139. 

PMCID: PMC3304518 

 
427.  Baccarelli A, Wright R, Bollati V, Litonjua A, Zanobetti A, Tarantini L, Sparrow D, Vokonas P, 
Schwartz J. Ischemic heart disease and stroke in relation to blood DNA methylation. Epidemiology. 
2010 Nov;21(6):819-28. 

PMCID: PMC3690659 

 
428.  Ren C, Vokonas PS, Suh H, Fang S, Christiani DC and Schwartz J. Effect Modification of Air 
pollution on Urinary 8-Hydroxy-2'-Deoxyguanosine by Genotypes -- an Application of the Multiple 
Testing Procedure to Identify Significant SNP Interactions. Environmental Health, 2010 Dec 7;9:78.  

PMCID: PMC3016327  

429. Ren C, O’Neill MS, Park SK, Sparrow D, Vokonas PS, Schwartz J. Ambient temperature, air 
pollution, and heart rate variability in an aging population. Am J Epidemiol, 2011 May 1;173(9):1013-21.  

PMCID: PMC3121221  

 

430. Halonen JI, Zanobetti A, Sparrow D, Vokonas P, Schwartz J. Outdoor temperature is 
associated with serum HDL and LDL. Environ Res, 2011 Feb;111(2):281-7.  

PMID: 21172696 

 

431.  Power, MC, Weisskopf MG, Alexeef SE, Coull BA, Spiro A III, Schwartz J. Traffic-related air 
pollution and cognitive function in a cohort of older men. Environmental Health Perspectives, 2011, 
119:682-87. 



  44 

PMCID: PMC3094421 

 
432.  Zhu Z-Z, Sparrow D, Hou L, Tarantini L, Bollati V, Litonjua AA, Zanobetti A, Vokonas P, Wright 
RO, Baccarelli A,  Schwartz J.  Repetitive element hypomethylation in blood leukocyte DNA and cancer 
incidence, prevalence and mortality in elderly individuals: the Normative Aging Study. Cancer Causes & 
Control, 2011 Mar;22(3):437-47.   

PMCID: PMC3752839 

 

433. Dioni L, Hoxha M, Nordio F, Bonzini M, Tarantini L, Albetti A, Savarese A, Schwartz J, Bertazzi 
PA, Apostoli P, Hou L, Baccarelli A. Effects of Short-Term Exposure to Inhalable Particulate Matter on 
Telomere Length, Telomerase Expression and Telomerase Methylation in Steel Workers. Environ 
Health Perspect, 2011 May;119(5):622-7. 

PMCID: PMC3094411 

 
434. Roman HA, Walsh TL, Coull BA, Dewailly E, Guallar E, Hattis D, Mariën K, Schwartz J, Stern 
AH, Virtanen JK, Rice G. Evaluation of the Cardiovascular Effects of Methylmercury Exposures: Current 
Evidence Supports Development of a Dose-Response Function for Regulatory Benefits Analysis. 
Environ Health Perspect, 2011 May;119(5):607-14. 

PMCID: PMC3094409 

 

435.  Wang SV, Coull BA, Schwartz J, Mittleman MA, Wellenius GA. Potential for bias in case-
crossover studies with shared exposures analyzed with SAS. Am J Epidemiol, 2011 Jul 1;174(1):118-24.  

PMCID: PMC3133813 
  

436.  Brochu P, Yanosky JD, Paciorek CJ, Schwartz J, Chen J, Herrick RF, Suh HH. Particulate Air 
Pollution and Socio-economic Position in Rural and Urban areas of the Northeastern United States. Am 
J Public Health, 2011 Dec;101 Suppl 1:S224-301. 

PMCID: PMC3222475 

 
437.  Suh HH, Zanobetti A, Schwartz J, Coull BA. Associations between the Chemical Properties of 
Air Pollution and Cause-Specific Hospital Admissions in Atlanta, GA. Environ Health Perspect 
2011;119:1421-28.  

PMCID: PMC3230427 

 
438.  Schwartz J. A Spline for the Time. Invited Commentary. Thorax, 2011 Oct;66(10):841-2. 

PMID: 21617170 

 

439.  Zanobetti A, Baccarelli A, Schwartz J. Gene by air pollution interactions and cardiovascular 
disease. A review. Progress in Cardiovascular Disease, 2011 Mar-Apr;53(5):344-52.  

PMCID: PMC3073822 

 

440. Alexeeff SE, Coull BA, Gryparis A, Suh HH, Sparrow D, Vokonas P, Schwartz J. Medium-Term 
Exposure to Traffic Particles Associated with Increased Levels of Inflammatory and Endothelial Markers. 

Environ Health Perspect, 2011 Apr;119(4):481-486.  



  45 

PMCID: PMC3080929 

 
441. Madrigano J, Baccarelli A, Mittleman MA, Wright RO, Sparrow D, Vokonas P, Tarantini L, 
Schwartz J. Prolonged Exposure to Particulate Pollution, Genes Associated With Glutathione Pathways 
and DNA Methylation in a Cohort of Older Men. Environ Health Perspect, 2011 Jul;119(7):977-82.  

PMCID: PMC3222977 

 
442. Cantone L, Nordio F, Hou L, Apostoli P, Bonzini M, Tarantini L, Angilici L, Bollati V, Zanobetti A, 
Schwartz J, Baccarelli A. Inhalable Metal-rich Air Particles and Histone H3K4 Dimethylation and 1 
H3K9 Acetylation in a Cross-sectional Study of Steel Workers. Environ Health Perspect, 2011 
Jul;119(7):964-9.  

PMCID: PMC3222996 

 

443. Eum K-D, Nie H, Schwartz J, Vokonas P, Sparrow D, Hu H, Weisskopf M. Prospective cohort 
study of lead exposure and electrocardiogram conduction disturbances in the Veteran’s Administration 
Normative Aging Study. Environ Health Perspect, 2011 Jul;119(7):940-4.  

PMCID: PMC3223010 

 
444. Wilker E, Alexeeff S, Vokonas P, Baccarelli A, Schwartz J. Ambient pollutants, polymorphisms 
associated with microRNA processing and adhesion molecules: the Normative Aging Study. Environ 
Health, 2011 May 21;10(1):45.   

PMCID: PMC3124411  

 

445. Wilker E, Korrick S, Nie LH, Vokonas P, Coull B, Wright RO, Schwartz J, Hu H. Longitudinal 
changes in bone lead levels: the VA Normative Aging Study. J Occ Environ Med 2011; 53:850-55. 

PMCID: PMC3159960 

 

446. Puett RC, Hart JE, Schwartz J, Hu FB, Liese AD, Laden F. Are particulate matter exposures 
associated with risk of type 2 diabetes? Environ Health Perspect. 2011 Mar;119(3):384-9. 

PMCID: PMC3060003  

 

447. McCracken J, Smith KR, Stone P, Diaz A, Arana B, Schwartz J. Intervention to lower 
household wood smoke exposure in Guatemala reduces ST-segment depression on 
electrocardiograms. Environ Health Perspect, 2011; 119:1562-68.  

PMCID: PMC3226487  

 

448.  Zanobetti A, Schwartz J. Ozone and survival in four cohorts with potentially predisposing 
diseases. Am J Resp Crit Care Med 2011;184:836-41.  

PMCID: PMC3208652  

 

449.  Weuve J, Puett RC, Schwartz J, Yanosky JD, Laden F, Grodstein F. Exposure to particulate 
air pollution and cognitive decline in older women. Arch Internal Med, 72.3 (2012): 219-227.  

PMCID: PMC3622279 

 



  46 

450. Liu L-j, Tsai M-Y, Keidel D, Gemperli A, Ineichen A, von Arx M, Bayer-Oglesby L, Rochat T, 
Kuenzli N, Ackermann-Liebrich U, Strachel P, Schwartz J, Schindler C.  Long-term Exposure Models 
for Traffic Related NO2 Across Geographically Diverse Areas over Separate Years. Atmospheric 
Environment, 2012, 46:460-71.  

451. Mordukhovich I, Wright RO, Hu H, Amarasiriwardena C, Baccarelli A, Litonjua A, Sparrow D, 
Vokonas P, Schwartz J. Associations of Toenail Arsenic, Cadmium, Mercury, Manganese and Lead 
with Blood Pressure in the Normative Aging Study. Environ Health Perspect, 2012; 120:98-104.  

PMCID: PMC3261928 

 
452.  Peters JL, Kubzansky LD, Ikeda A, Spiro III A, Fang SC, Sparrow D, Weisskopf MG, Wright 

RO, Vokonas P, Hu H, Schwartz J. Lead Concentrations in Relation to Multiple Biomarkers of 

Cardiovascular Disease: the Normative Aging Study, Environmental Health Perspect, 2012 
Mar;120(3):361-6. 

PMCID: PMC3295335 

 
453. Peters JL, Kubzansky LD, Ikeda A, Spiro III A, Wright RO, Weisskopf MG, Kim D, Sparrow D, 
Nie LH, Hu H, Schwartz J. Childhood and Adult Socioeconomic Position, Cumulative Lead Levels and 
Pessimism in Later Life: the VA Normative Aging Study. Am J Epidemiol, 2011; 174(12):1345-53. 

PMCID: PMC3276297 

 
454. Ikeda A, Schwartz J, Peters JL, Fang S, Spiro III A, Sparrow D, Vokonas P, Kubzansky LD. 
Optimism in relation to inflammation and endothelial dysfunction in older men: the VA Normative Aging 
Study. Psychosomatic Medicine, 2011 Oct;73(8):664-71. 

PMID: 21949417 

 

455.  Claus Henn B, Schnaas L, Ettinger AS, Schwartz J, Lamadrid-Figueroa H, Hernández-Avila M, 
Amarasiriwardena C, Hu H, Bellinger DC, Wright RO, María Téllez-Rojo MM. Associations of Early 
Childhood Manganese and Lead Co-exposure with Neurodevelopment. Environmental Health Perspect, 
2012 Jan;120(1):126-31.  

PMCID: PMC3261931  

 

456. Lee H-J, Liu Y, Coull BA, Schwartz J, Koutrakis P. A Novel Calibration Approach of MODIS 
AOD Data to Predict PM2.5 Concentrations. Atmos Chem Physics 2011, 11:7991-8002.  

457. Wellenius GA, Burger MR, Coull BA, Schwartz J, Suh HH, Koutrakis P, Schlaug G, Gold DR, 
Mittleman MA. Ambient Air Pollution and the Risk of Acute Ischemic Stroke. Arch Internal Med, 172.3 
(2012): 229-234.  

PMCID: PMC3639313 

 

458. Schwartz J, Bellinger D, Glass T. Expanding the scope of risk assessment to better include 
differential vulnerability and susceptibility. Am J Public Health, 2011 Dec;101 Suppl 1:88-93. 

PMCID: PMC3222479 

 



  47 

459. Schwartz J, Bellinger D, Glass T. Exploring potential sources of differential vulnerability and 
susceptibility in risk from environmental hazards to expand the scope of risk assessment. Am J Public 
Health, 2011 Dec;101 Suppl 1:94-101. 

PMCID: PMC3222466 

 

460. Schwartz J, Bellinger D, Glass T. Expanding the scope of risk assessment: Methods of 
studying differential vunerability and susceptibility. Am J Public Health, 2011 Dec;101 Suppl 1:102-109. 

PMCID: PMC3222483 

 
461. Bind MA, Baccarelli A, Zanobetti A, Tarantini L, Suh HH, Vokonas P, Schwartz J. Air pollution 
and markers of coagulation and endothelial function:, Associations and epigene-environment 
interactions in an elderly cohort. Epidemiol, 2012 Mar;23(2):332-40.  

PMCID: PMC3285258 

 
462. Hoffmann B, Luttmann-Gibson H, Cohen A, Zanobetti A, de Souza C, Foley C, Suh HH, Coull 
BA, Schwartz J, Mittleman M, Stone P, Horton E, Gold DR. Opposing Effects of Particle Pollution, 
Ozone and Ambient Temperature on Arterial Blood Pressure. Environ Health Perspect, 2012 
Feb;120(2):241-6. 

PMCID: PMC3279434  

 

463. Madrigano J, Baccarelli A, Mittleman MA, Sparrow D, Vokonas P, Tarantini L,  Bollati V, 
Schwartz J. Aging and Epigenetics: Longitudinal Changes in Gene-Specific DNA Methylation. 
Epigenetics, 2012 Jan 1;7(1):63-70.  

PMCID: PMC3329504 

 
464. Kloog I, Koutrakis P, Coull BA, Lee HJ Schwartz J. Assessing temporally and spatially resolved 
PM2.5 exposures for epidemiological studies using satellite aerosol optical depth measurements. Atmos 
Env 2011; 45:6267-6275.  

465. Madrigano J, Baccarelli A, Mittleman MA, Sparrow D, Spiro A, Kantone L, Kubzanski L, 
Schwartz J. Air Pollution and DNA Methylation: Interaction by Psychological Factors in the VA 
Normative Aging Study, Am J Epidemiol, 2012 Aug 1;176(3):224-32. 

PMCID: PMC3491965 

 
466.  Lepeule J, Baccarelli A, Tarantini L, Motta V, Cantone L, Litonjua AA, Sparrow D, Vokonas P, 
Schwartz J. Gene promoter methylation is associated with lung function in the elderly: the Normative 
Aging Study. Epigenetics, 7:3, 261-269; March 2012.  

PMCID: PMC3335949 

 
467.  Ciesielski T, Weuve J, Bellinger DC, Schwartz J, Lanphear B, Wright RO. Cadmium exposure 
and neurodevelopmental outcomes in US Children. Environ Health Perspect, 2012 May;120(5):758-63. 

PMCID: PMC3346779 

  
468. Shindell D, Kuylenstierna JCI, Vignati E, van Dingenen R, Amann M, Klimont Z, Anenberg SC, 
Muller N, Janssens-Maenhout G, Raes F, Schwartz J, Faluvegi G, Pozzoli L, Kupiainen K, Höglund-



  48 

Isaksson L, Emberson L, Streets D, Ramanathan V, Hicks K, Kim ONT, Milly G, Williams M, Demkine V, 
Fowler D. Simultaneously mitigating near-term climate change and improving human health and food 
security. Science, 13 Jan 2012, 183-89.  

PMID: 22246768 

 

469.  Baccarelli A, Barrett F, Dou C, Zhang X, McCracken JP, Diaz A, Bertazzi PA, Schwartz J, 
Wang S, Hou L. Effects of Particulate Air Pollution on Blood Pressure in a Highly Exposed Population in 
Beijing, China: A repeated-measure study. Environ Health, 2011, Dec 21;10(1):108. 

PMCID: PMC3273442 

 

470.  Claus Henn B, Kim J, Wessling-Resnick M, Téllez-Rojo MM, Jayawardene I, Ettinger AS, 
Hernández-Avila M, Schwartz J, Christiani DC, Hu H, Wright RO. Associations of iron metabolism 
genes with blood manganese levels: a population-based study with validation from animal models, 
Environ Health, 2011, Nov 10, 10:97. 

PMCID: PMC3248860  

 

471.  Wernimont SM, Clark AG, Stover PJ, Wells MT Litonjua AA, Weiss St, Gaziano JM, Tucker KL, 
Baccarelli A, Schwartz J, Bollati V, Cassano PA.  Folate network genetic variation, plasma 
homocysteine, and global genomic methylation content: a genetic association study. BMC Medical 
Genetics, 2011, 12:150 doi 1186/1471-2350-12-150.  

PMCID: PMC3266217 

 

472. Mostofsky E, Schwartz J, Coull BA, Koutrakis P, Wellenius GA, Suh HH, Gold DR, Mittleman 
MA. Modeling the Association between Particle Constiutents of Air Pollution and Health Outcomes. Am J 
Epidemiol, Aug 15;176(4):317-2.  

PMCID: PMC3491968 

 
473. Fang SC, Mehta AJ, Alexeeff SE, Gryparis A, Coull BA, Vokonas P, Christiani DC, Schwartz J. 
Residential Black Carbon Exposure and Circulating Markers of Systemic Inflammation in Elderly Males: 
the Normative Aging Study. Environ Health Perspect, 2012 May;120(5):674-80.  

PMCID: PMC3346771 

 
474.  Schwartz J, Alexeef SE, Mordukhovich I, Gryparis A, Vokonas P, Suh HH, Coull BA. 
Association between long-term exposure to traffic particles and blood pressure in the VA Normative 
Aging Study. Occup Environ Med, 2012 Jun;69(6):422-7.  

PMCID: PMC3597742  

 

475. Mehta AJ, Schindler C, Perez L, Probst-Hensch N, Schwartz J, Brändl O, Karrer W, Tschopp 
JM, Rochat T, Künzli N; SAPALDIA Team. Acute respiratory health effects of urban air pollutants in 
adults with different patterns of underlying respiratory disease. Swiss Med Wkly. 2012 Oct 
9;142:w13681. doi: 10.4414/smw.2012.13681. 

PMID: 23076649 

 



  49 

476.  Anenberg SC, Schwartz J, Shindell D, Amann M, Faluvegi G, Klimont Z, Janssens-Maenhout 
G, Van Dingenen R, Vignati E, Emberson L, Muller NZ, West J, Williams M, Demkine V, Hicks K, 
Kuylenstierna J, Raes F, Ramanathan V. Global Air Quality and Health Co-Benefits of Mitigating Near-
Term Climate Change through Methand and Black Carbon Emission Controls. Environ Health Perspect, 
2012 Jun;120(6):831-9. 

PMCID: PMC3385429 

 
477. Lambrou A, Baccarelli A, Wright RO, Weisskopf M, Bollati B, Amarasiriwardena C, Vokonas P, 
Schwartz J. Arsenic exposure and DNA methylation within repetitive elements among community-
dwelling elderly men: The VA Normative Aging Study. Epidemiology, 2012;23:668-76.  

PMCID: PMC3448132 

478.  Mehta A, Miedinger D, Keidel D, Bettschart R, Bircher A, Bridevaux P-O, Imboden M, Kromhout 
H, Rochat T, Rothe T, Russi EW, Schikowski T, Schindler C, Schmidt-Grendelmeier P, Schwartz J, 
Turk A, Vermeulen R, Probst-Hensch N, Kuenzli N, and SAPALDIA team. Occupational Exposures to 
dust, gas, and fumes and Incidence of COPD in Swiss Working Adults. Am J Resp Crit Care Med, 
2012:185:1292-1300.  

PMID: 22492989 

 

479.  Kloog I, Coull BA, Zanobetti A, Koutrakis P and Schwartz JD. Acute and Chronic Effects of 
Particles on Hospital Admissions in New-England. PLOS ONE, 2012;7(4):e34664.  

PMCID: PMC3328473 

 

480. Beaudeau P, Le Tertre A, Zeghnoun A, Zanobetti A, Schwartz J. A Time Series Analysis of 
Drug Sales and Turbidity of Tap Water in Le Harve, France. J Water and Health, 2012 Jun;10(2):221-35. 

PMID: 22717747 

 

481.   Zanobetti A, O’Neill MO, Gronlund CJ, Schwartz J. Summer temperature variability and long-
term survival among elderly people with chronic disease. Proc National Acad Sci, 2012 Apr 
24;109(17):6608-13.  

PMCID: PMC3340087 

 

482.  Lepeule J, Laden F, Dockery DW, Schwartz J. Chronic Exposure to Fine Particles and 
Mortality: An Extended Follow-Up of the Harvard Six Cities Study from 1974 to 2009. Environ Health 

Perspect, 2012 Jul;120(7):965-70. 

PMCID: PMC3404667 

 
483.  Zhang K, Rood RB, Michailidis G, Oswald EM, Schwartz J, Zanobetti A, Ebi K, O’Neill MS. 
Comparing exposure metrics for classifying ‘dangerous heat’ in heat wave and health warning systems. 
Environment International, 2012 Oct 1;46:23-9.   

PMID: 22673187 

 



  50 

484.  Braun JM, Hoffman H, Schwartz J, Sanchez B, Schnaas L, Mercado-Garcia A, Solano-
Gonzalez M, Bellinger DC, Lanphear BP, Hu H, Tellez-Rojo MM, Wright RO, Hernandez-Avila M. 
Assessing windows of susceptibility to lead-induced cognitive deficits in Mexican children. 
Neurotoxicology, 33.5 (2012): 1040-1047.  

PMCID: PMC3576696 

 
485.  Rosenbloom JI, Wilker EH, Mukamel KJ, Schwartz J, Mittleman MA. Residential proximity to 
major roadway and 10 year all cause mortality after myocardial infarction. Circulation, 2012 May 
8;125(18):2197-203.  

PMCID: PMC3664839  

 

486.  Mehta AJ, Adam M, Schaffner E, Barthelemy JC, Carballo D, Gaspoz JM, Rochat T, Schindler 
C, Schwartz J, Zock JP, Kunzli N, Probst-Hensch N and SAPALDIA team. Heart Rate Variability in 
Association with Frequent Use of Household Sprays and Scented Products in SAPALDIA. Environ 
Health Perspect, 2012 Jul;120(7):958-64. 

PMCID: PMC3404664 

 

487. Adam M, Felber Dietrich D, Schaffner, Carballo D, Barthélémy JC, Gaspoz JM, Liu L-J, Rapp R, 
Phuleria HC, Schindler C, Schwartz J, Künzli N, Probst-Hensch NM. Long-term exposure to traffic-
related PM10 is associated with decreased heart rate variability in subjects taking ACE inhibitors. 
Environment Intl, 2012 Nov;1(48):9-16. 

PMID: 22820680 

  
488. Kloog I, Melly SJ, Ridgeway WL, Coull BA, Schwartz J. Using new satellite based exposure 

methods to study the association between pregnancy, PM2.5 exposure, premature birth and birth weight 
in Massachusetts. Environmental Health 2012, 11:40.  

PMCID: PMC3464884  

 
489. Bottino CJ, Rifas-Shiman, SL, Kleinman KP, Oken E, Redline S, Gold D, Schwartz J, Melly SJ, 
Koutrakis P, Gillman MW, Taveras EM. The Association of Urbanicity with Infant Sleep Duration. Health 
& Place; 2012;18: 100-1005. 

PMCID: PMC3732783  

 

490.  Kloog I, Chudnovsky A, Koutrakis P, Schwartz J. Temporal and spatial assessment of 
minimum air temperature using satellite surface temperature measurements in Massachusetts, USA. 
Science of the Total Environment, 2012 Aug 15;432:85-92. 

PMID: 22721687 

 

491.  Wellenius GA, Boyle LD, Coull BA, Milberg WP, Gryparis A, Schwartz J, Mittleman MA, Lipsitz 
LA. Residential Proximity to Major Roadway and Cognitive Function in Community-Dwelling Seniors: 
Results from the MOBILIZE Boston Study. J Am Geriatr Soc.  2012 Nov;60(11):2075-80.  

PMCID: PMC3498530  

 



  51 

492. Jacobs JH, Archer BN, Baker MG, Cowling BJ, Heffernan RT, Mercer G, Uez O, 
Hanshaoworakul W, Viboud C, Schwartz J, Tchetgen Tchetgen E, Lipsitch M (2012) Searching for 
Sharp Drops in the Incidence of Pandemic A/H1N1 Influenza by Single Year of Age. PLoS ONE 7(8): 
e42328. doi:10.1371/journal.pone.0042328  

PMCID: PMC3410923 

 
493. Sordillo JE, Lange NE, Tarantini L, Bollati V, Zanobetti A, Sparrow D, Vokonas D, Schwartz J, 
Baccarelli A, DeMeo D, Litonjua AA. Global DNA methylation, Wheeze, and Allergen Sensitization in 
Older Men.  International Archives of Allergy and Immunology, 2013, 161:37-43.  

494. Hou L, Wang S, Dou C, Zhang X, Yu Y, Zheng Y, Avula U, Hoxha M, Díaz A, McCracken J, 
Barretta F, Marinelli B, Bertazzi PA, Schwartz J, Baccarelli AA. Air pollution exposure and telomere 
length in highly exposed subjects in Beijing, China: A repeated-measure study. Environ Int. 2012 Nov 
1;48:71-7. Epub 2012 Aug 5.  

PMCID: PMC3821920 

 
495. Blanes-Vidal V, Suh H, Nadimi ES, Løfstrøm P, Ellermann T, Andersen HV, Schwartz J 
Residential exposure to outdoor air pollution from livestock operations and perceived annoyance among 
citizens. Environ Int. 2012 Apr;40:44-50.   

PMID: 22280927 

496.  Kloog I, Nordio F, Coull BA, Schwartz J. Incorporating Local Land Use Regression and 
Satellite Aerosol Optical Depth In A Hybrid Model Of Spatio-Temporal PM2.5 Exposures In The Mid-
Atlantic States. Environ Sci Tech, 2012, 46 (21), pp 11913–11921.  

PMID: 23013112 

 

497.  Lange NE, Sordillo J, Tarantini L, Bollati V, Sparrow D,  Vokonas P, Zanobetti A, Schwartz J, 
Baccarelli A, Litonjua AA,  DeMeo D. Alu and LINE-1 methylation and lung function in the normative 
ageing study, BMJ Open 2012;2:e001231 doi:10.1136/bmjopen-2012-001231 

PMCID: PMC3488751 

 

498. Von Klot S, Zanobetti A, Schwartz J. Influenza epidemics, seasonality, and the effects of cold 
weather on cardiac mortality. Environmental Health, 2012, 11:74 doi:10.1186/1476-069X-11-74. 

PMCID: PMC3517521 

 
499. Sofer T, Maity A, Baccarelli AA, Schwartz J, Lin X. Multivariate gene selection and testing in 
studying the exposure effects on a gene set. Statistics in Bioscience, 2012, DOI: 10.1007/s12561-012-
9072-7. 

PMCID: PMC3524591 

 

500.  Baja E, Schwartz J, Coull BA, Wellenius GA, Vokonas P, Suh HH. Structural Equation 
Modeling of the Infllammatory response to Traffic Air Pollution. J Exposure Science and Environ 
Epidemiology,  2013, 23 : 268-274.  

PMCID: PMC3907044 

 



  52 

501.  Valdés A, Zanobetti A, Halonen JI, Cifuentes L, Morata D, Schwartz J. Elemental 
concentrations of ambient particles and cause specific mortality in Santiago, Chile: a time series study. 
Environmental Health 2012, 11:82 (1 November 2012).  

PMCID: PMC3519772  

 
502.  Alexeef SE, Baccarelli A, Halonen J, Coull BA, Wright RO, Tarantini L, Bollati V, Sparrow D, 
Vokonas P, Schwartz J. Association between blood pressure and DNA methylation of retrotransposons 
and pro-inflammatory genes. Inter J Epidemiol, 2013 Feb;42(1):270-280.  

PMCID: PMC3600626 

 
503.  Madrigano J, Goldberg R, Mittleman M, Schwartz J. Temperature, Myocardial Infarction, and 
Mortality: Effect Modification by Individual and Area-Level Characteristics. Epidemiol, 2013 
May;24(3):439-446.  

PMID: 23462524; PMCID: PMC4037287 

 

504.  Madrigano J, Kloog I, Goldberg R, Coull BA, Mittleman MA, Schwartz J. Long term exposure 
to PM2.5 and incidence of acute myocardial infarction. Environ Health Perspect, 2013 Feb;121(2):192-6. 

PMCID: PMC3569684 

 

505.  McCracken JP, Schwartz J, Diaz A, Bruce N, Smith KR. Longitudinal relationship between 
personal CO and personal PM2.5 among women cooking with biomass cookstoves in Guatemala. PLOS 
One, 2013;8(2):e55670. doi: 10.1371.  

PMCID: PMC3582619  

 

506. Moreno-Macias H, Dockery DW, Schwartz J, Gold DR, Laird N, Sienra-Mongra JJ, Del Rio-
Navarro BE, Ramirez-Aguilar M, Barazza-Villareal A, Li H, London SJ, Romieu I. Ozone exposure, 
Vitamin C intake, and genetic susceptibility of asthmatic children in Mexico City: A cohort study. Respir 
Research J, 2013 Feb 4;14:14. doi: 10.1186.  

 PMCID: PMC3579760 

 

507. Power MC, Weisskopf MG, Alexeeff SE, Wright RO, Coull BA, Spiro A and Schwartz J. 
Modification by hemochromatosis gene polymorphisms of the association between traffic-related air 
pollution and cognition in older men: a prospective cohort study. Environ Health, 2013 Feb 15;12:16. doi: 
10.1186. 

PMCID: PMC3599892  

508.  Ciesielski T, Bellinger DC, Schwartz J, Hauser R and Wright RO. Associations between 
cadmium exposure and neurocognitive test scores in a cross-sectional study of US adults. Environ 
Health, 2013 Feb 5;12:13. doi: 10.1186. 

PMCID: PMC3599125 

 
509. Schwartz J, Sofer T, Baccarelli A, Cantone L, Coull BA, Maity A,  Lin X. Exposure to airborne 
particles is associated with methylation pattern in the asthma pathway. Epigenomics, 2013, 
Apr;5(2):147-54. 



  53 

PMCID: PMC3767408 

510.  Von Stakleberg K, Buonocore J, Bhave PV, Schwartz JD. Public health impact of secondary 
particle formation from aromatic hydrocarbons in gasoline. Environ Health, 2013, 12:19.  

PMCID: PMC3652775 

 
511.  Kloog I, Zanobetti A, Schwartz J.  Using Novel Exposure Models to Investigate the Association 

between Mortality and Long and Short Term Exposure to PM 2.5 in Massachusetts. Epidemiology, 

2013; 24:555-561. 

PMID: 23676266; PMCID: PMC4372644 

 

512.  Nordio F, Kloog I, Schwartz J. Estimating Spatio-Temporal Resolved PM10 Aerosol Mass 
Concentrations Using MODIS Satellite Data and Land Use Regression Over Lombardy, Italy. 
Atmospheric Environment, 2013;74:227-36. 

513. Wilker EH, Mostofsky E, Lue SH, Gold D, Schwartz J, Wellenius GA, Mittleman MA. 
Residential Proximity to High Traffic Roadways and Post-Stroke Mortality. Journal of Stroke and 
Cerebrovascular Diseases. 2013;22:E366-72.PMID: 23721619; PMCID: PMC4066388 

514.  Zanobetti A, O'Neill MS, Gronlund CJ, Schwartz J. Susceptibility to Mortality in Weather 
Extremes: Effect Modification by Personal and Small Area Characteristics In a Multi-City Case-Only 
Analysis. Epidemiology, 2013; 24:809-19.  

PMID: 24045717; PMCID: PMC4304207 

  

515.  MC Power; EJ Tchetgen Tchetgen; D Sparrow; J Schwartz; M Weisskopf. Examination of 
factors that may account for the inconsistent association between blood pressure and cognition, a 
prospective cohort study. Epidemiology, 2013; 24:886-93.  

PMCID: PMC3818218 

 

516.  Nguyen, JL, Schwartz, J, & Dockery DW. The relationship between indoor and outdoor 
temperature, apparent temperature, relative humidity, and absolute humidity. Indoor Air, 2014 
Feb;24(1):103-12 

PMCID: PMC3791146 

 

517. Wilker EH, Mittleman MA, Coull BA, Gryparis A, Bots ML, Schwartz J, Sparrow D.Long-term 
Exposure to Black Carbon and Carotid Intima-Media Thickness: The Normative Aging Study. Environ 
Health Perspect. 2013 121; 1061-67. 

PMCID: PMC3764069 

 

518. Schikowski T, Schaffner E, Meier F, Phuleria HC, Vierkötter A, Schindler C, Kriemler S, Zemp 
E, Krämer U, Bridevaux PO, Rochat T, Schwartz J, Künzli N, Probst-Hensch N. Improved Air Quality 
and Attenuated Lung Function Decline: Modification by Obesity in the SAPALDIA Cohort. Environ Health 
Perspect; 2013; 121:1034-39.  

PMCID: PMC3764076 



  54 

  
519. Mehta AJ, Thun GA, Imboden M, Ferrarotti I, Keidel D, Künzli N, Kromhout H, Miedinger D, 
Phuleria H, Rochat T, Russi EW, Schindler C, Schwartz J, Vermeulen R, Luisetti M, Probst-Hensch N; 
SAPALDIA team. Interactions between SERPINA1 PiMZ genotype, occupational exposure and lung 
function decline. Occup Environ Med. 2014; 71:234-40. 

PMID: 24213563 

 

520.  Roy A, Ettinger ES, Hu H, Bellinger D, Schwartz J, Modali R, Wright RO, Palaniakkan P, 
Balakrishnan K. Effect modification by transferrin C2 polymorphism on lead exposure, hemoglobin 
levels, and IQ. Neurotoxicology, 2013, 38:17-22. 

PMCID: PMC3770761 

 

521.  Mehta AJ, Zanobetti A, Koutrakis P, Mittleman MA, Sparrow D, Vokonas P, Schwartz J. Short 
term changes in air pollution and correlates of arterial stiffness: Veterans Administration Normative 
Aging Study. Am J Epidemiol, 2014 Jan 15;179(2):192-9.  

PMCID: PMC3873113 

 

522. Behbod B, Urch B, Speck M, Scott JA, Liu , Poon R, Coull BA, Schwartz J, Koutrakis P, 
Silverman F, Gold DR. Endotoxin in concentrated coarse and fine particles induce acute systemic 
inflammation in controlled human exposures. Occup Environ Med, 2013:70:761-67. 

PMID: 24143017 

 

523. Eum KD, Wang FT, Schwartz J, Hersh CP,  Kelsey K, . Wright RO, Spiro A,  Sparrow D,  Hu H,  
Weisskopf MG. Modifying roles of glutathione S-transferase polymorphisms on the association between 
cumulative lead exposure and cognitive function. Neurotoxicology, 2013 Dec;39:65-71. 

PMCID: PMC3844089 

 

524.  Wang Y, Koutrakis P, Gryparis  A, Schwartz J, Coull BA, Mittleman M,. Milberg WP,. Lipsitz 

LA, Wellenius GA. Ambient Air Pollution and Depressive Symptoms in Seniors: Results from the 
MOBILIZE Boston Study. Environ Health Perspect, 2014 Jun;122(6):553-8. 

525.  Kioumourtzoglou MA, Zanobetti A, Schwartz J, Coull BA, Dominici F and Suh HH. The Effect 
of Primary Organic Particles on Emergency Hospital Admissions among the Elderly in 3 US Cities, 

Environmental Health, 2013; 12: 68   DOI: 10.1186/1476-069X-12-68. 

PMCID: PMC3765898 

 

526.  Link MS, Luttmann-Gibson H, Schwartz J, Mittleman MA, Wessler B, Gold DR, Dockery DW, 
Laden F. Acute exposure to air pollution triggers atrial fibrillation. J Am Coll Cardiol, 2013:62:816-25.  

PMCID: PMC3752319 

 

527.  Hou L-F, Zhang X, Dioni L, Baretta F, Dou C, Zheng YN, Hoxha M, Bertazi PA, Schwartz J, 
Wu SS, Wang S, Baccarelli AA. Inhalable Particulate matter and mitochondrial DNA copy number in 
highly eposed individuals in Beijing, China, a repeated-measures study. Particle and Fibre Toxicology, 
2013;10. 



  55 

PMCID: PMC3649952 

 
528. Curjuric I, Imboden M, Adam M, Bettschart RW, Gerbase MW, Künzli N, Rochat T, Rohrer L, 
Rothe TB, Schwartz J, Stolz D, Tschopp J-M, von Eckardstein A, Kronenberg F, Probst-Hensch NM. 
Serum bilirubin is associated with lung function in a Swiss general population sample. Eur Resp J. 
2014:43:1278-88.  

PMID: 24177000 

 

529.  Behbod B, Sordillo JE, Hoffman EB, Datta S, Muilenberg ML, Scott JA, Chew GL, Platts-Mills 
TA, Schwartz J, Burge H, Gold DR. Wheeze in infancy: protection associated with yeasts in house dust 

contrasts with increased risk associated with yeasts in indoor air and other fungal taxa. Allergy 
2013;DOI: 10.1111/all.12254.  

PMID: 24118031 

 

530.  Chiu YH, Coull BA, Sternthal MJ, Kloog I, Schwartz J, Cohen S, Wright RJ. Effects of prenatal 
community violence and ambient air pollution on childhood wheeze in an urban population. J Allergy Clin 
Immunol. 2014;133:713 . 

PMCID: PMC3943665 

531.  Chudnovsky, A., Tang, C., Lyapustin, A., Wang, Y., Schwartz, J., and Koutrakis, P. A critical 
assessment of high-resolution aerosol optical depth retrievals for fine particulate matter predictions. 
Atmos. Chem. Phys., 13, 10907-10917, doi:10.5194/acp-13-10907-2013, 2013. 

532.  Zanobetti  A,  Coull BA, Gryparis A, Kloog I,  Sparrow D,  Vokonas PS,  Wright RO,  Gold DR,  
Schwartz J. Associations between arrhythmia episodes and temporally and spatially resolved black 
carbon and particulate matter in elderly patients. Occup Environ Med, 2014;71:201-07. 

PMID: 24142987; PMCID: PMC4371778 

 

533.  Bind M-A, Lepeule J, Zanobetti A, Gasparrini A, Baccarelli A, Coull BA, Tarantini L, Vokonas P, 
Koutrakis P, Schwartz J. Air pollution and gene-specific methylation in the Normative Aging Study: 
association, effect modification, and mediation analysis. Epigenetics, 2014;9:448-58. 

PMID: 24385016; PMCID: PMC4053463 

  

534.   Ma B, Wilker E, Willis-Owen S, Byun H-M, Wong K, Motta V, Baccarelli A, Schwartz J, 
Cookson W, Khabbaz K, Mittleman MA, Moffatt M, Liang L. Predicting DNA methylation level across 
human tissues. Nucleic Acids Research, 2014; 42:3515-28. 

PMID: 24445802; PMCID: PMC3973306 

  

535.  Kioumourtzoglou M-A, Coull BA, Dominici F, Koutrakis P, Schwartz J, Suh H. The Impact of 
Source Contribution Uncertainty on the Effects of Source-Specific PM2.5 on Hospital Admissions: a 
Case Study in Boston, MA. J Environ Epi Exposure Sci,2014;24:365-71. 

PMID: 24496220; PMCID: PMC4063325 

 



  56 

536.  Power MC, Korrick S Tchetgen Tchetgen EJ, Nie LH, Grodstein F, Hu H, Weuve J, Schwartz 
J; Weisskopf MG. Lead exposure and rate of change in cognitive function in older women. Environ Res, 
2014;129:69-75.  

PMCID: PMC3951744 

 

537. Baja, ES, Schwartz, JD, Coull, BA , Wellenius, GA , Vokonas, PS , Suh, HH. Structural 
equation modeling of parasympathetic and sympathetic response to traffic air pollution in a repeated 
measures study. Environ Health 2013: 12     Article Number: 81   DOI: 10.1186/1476-069X-12-81. 

PMCID: PMC3907044 

 
538. Fossati S, Baccarelli A, Zanobetti A, Hoxha M, Vokonas P, Wright RO, Schwartz J. Ambient 
Particulate Air Pollution and microRNAs in Elderly Men. Epidemiology, 2014;25:68-78. 

PMCID: PMC3977338  

539.  Rice MB, Ljungman PL, Wilker EH, Gold DR, Schwartz JD, Koutrakis P, Washko GR, 
O’Connor GT, Mittleman MA. Short term exposure to air pollution and lung function in the Framingham 
Heart Study. Am J Respir Crit Care Med, 2013;11:1351-7. 

PMCID: PMC3919078 

 

540.  Bind M-A, Zanobetti A, Gasparini A, Peters A, Coull BA, Baccarelli A, Tarantini A, Koutrakis P, 
Vokonas P, Schwartz J. Temperature and relative humidity are associated with DNA methylation in the 
Normative Aging Study. Epidemiol, 2014; 25( 4):561-569.  

PMCID: PMC4224120. 

541.  Beaudeau P, Schwartz J, Levin R. Drinking Water Quality and Hospital Admissions of Elderly 
People for Gastrointestinal Illness in Eastern Massachusetts, 1998-2008. Water Research, 2014;52:188-
98. 

PMID: 24486855 

 

542.   Kloog I, Nordio F, Zanobetti A, Coull BA, Koutrakis P, Schwartz JD. Short term effects of 
particle exposure on hospital admissions in the Mid-Atlantic States: a population estimate. PLOS One, 
2014:9: e88578. 

PMID: 24516670; PMCID: PMC3917892 

  

543. Ikeda I, Schwartz J, Peters JL, Baccarelli A, Hoxha M, Dioni L, Spiro A, Sparrow D, Vokonas P, 
Kubzanski LD. Pessimistic orientation in relation to telomere length in older men: the VA Normative 
Aging Study. Psychoneuroendocrinology, 2014 Apr;42:68-76.  

PMID: 24636503; PMCID: PMC4070424 

 

544. Mostofsky E, Wilker EH, Schwartz J,  Zanobetti A, Gold D.R,  Wellenius GA, Mittleman MA. 
Short-Term Changes in Ambient Temperature and Risk of Ischemic Stroke. Cerebrovasc Dis Extra 
2014;4:9-18. 

PMCID: PMC3934677 

 



  57 

545. Dai L, Zanobetti A, Koutrakis P, Schwartz J. Associations of Fine Particulate Matter Species 
with Mortality in the United States: A Multicity Time-Series Analysis. Environ Health Perspect, 2014 
Aug;122(8):837-42. PMID: 24800826; PMCID: PMC4123030 

 

546. Luttman-Gibson H, Sarnat SE, Suh HH, Coull BA, Schwartz J, Zanobetti A, Gold DR. Short 
term effects of air pollution on oxygen saturation in a cohort of senior adults in Steubenville, Ohil. J 
Occup Environ Med, 2014, 2014 Feb;56(2):149-5.  

PMID: 24451609; PMCID: PMC3987810 

 

547. Guo L, Byun HM, Zhong J, Motta V, Barupal J, Zheng Y, Dou C, Zhang F, McCracken JP, Diaz 
A, Marco SG, Colicino S, Schwartz J, Wang S, Hou L, Baccarelli AA. Effect of short-term exposure to 
inhalable particulate matter on DNA methylation of tandem repeats. Environ Mol Mutagen, 2014 May, 55 
(4):322-35.  

PMID: 24436168; PMCID: PMC4426495 

 

548. Zanobetti A, Luttmann-Gibson H, Horton ES, Cohen A, Coull BA, Hoffmann B, Schwartz JD, 
Mittleman MA, Li Y, Stone PH, de Souza C, Lamparello B, Koutrakis P, Gold DR. Brachial Artery 
Responses to Ambient Pollution, Temperature, and Humidity in People with Type 2 Diabetes: A 
Repeated-Measures Study. Environ Health Perspect, 2014; 122:242-48.  

PMC3948021 
  

549. Hou L, Zhang X, Zheng Y, Wang S, Dou C, Guo L, Byun HM, Motta V, McCracken J, Díaz A, 
Kang CM, Koutrakis P, Alberto Bertazzi P, Li J, Schwartz J, Baccarelli AA.  Altered methylation in 
tandem repeat elements and elemental component levels in inhalable air particles. Environ Mol 
Mutagen.  2014;55(3):256-65. 

PMCID: PMC4001244 

550.  Rice MB, Rifas-Shiman SL, Oken E, Gillman MW, Litonjua AA, Schwartz JD, Coull BA, 
Zanobetti A, Koutrakis P, Melly SJ,. Mittleman MA, Gold DR. Exposure to Traffic and Early Life 
Respiratory Infection: A Cohort Study. Pediatric Pul, 2015: 50:252-59.  

PMID: 24678045; PMCID: PMC4177521 [Available on 2015-09-27] 

 

551. Fleisch AF, Gold DR, Rifas-Shiman SL, Koutrakis P, Schwartz JD, Kloog I, Melly SJ, Coull BA, 
Zanobetti A, Gilman MW, Oken E. Air Pollution Exposure and Abnormal Glucose Tolerance during 
Pregnancy: The Project Viva Cohort. Environ Health Perspect, 2014; 122 ( 4): 378-383.  

552.  Chodnovsky A, Koutrakis P, Kloog I, Melly SJ, Nordio F, Lyaputsin A, Wang Y, Schwartz J. 
Fine particulate matter predictions using high resolution aerosol optical depth (AOD) retrievals. Atmos 
Env, 2014 June, 89;189-98.  

 



  58 

553. Lepeule J, Bind M.-A, Baccarelli A, Koutrakis P, Litonjua A, Sparrow D, Vokonas P, Schwartz J. 
Epigenetic influences on associations between air pollutants and lung function in elderly men: The 
Nomative Aging Study. Environ Health Perspect. 2014 Jun;122(6):566-72.  

 PMCID: PMC4050500 

554. Myers SS, Zanobetti A, Kloog I, Huybers P, Leakey ADB, Bloom A, Carlisle E, Dietterich KH, 
Fitzgerald G, Hasegawa T, Holbrook NM, Nelson RK, Ottman MK Raboy V, Sakai H, Sartor KA, 
Schwartz J, Seneweera S, Tausz M Usui Y. Rising CO2 threatens human nutrition, Nature, 
2014;510:139. 

PMID: 24805231 

 

555. Vodonos A, Friger M, Katra I, Avnon L, Krasnov H, Koutrakis P, Schwartz J, Lior O, Novack V. 
The impact of desert dust exposures on hospitalizations due to exacerbation of chronic obstructive 
pulmonary disease.  Air Quality, Atmosphere and Health, 2014; 7:433-39.   

556.  Pascal M, Sweeney J, Cullen E, Schwartz J, Goodman P. Heatwaves and mortality in Ireland: 
Planning for the future. Irish Geography, 2014; DOI:10.1080/00750778.2014.898125.  

557.  Wilker EH, Ljungman PL, Rice MB, Kloog I, Schwartz J, Gold DR, Koutrakis PK, Vita JA, 
Mitchell GF, Vasan RS, Benjamin EJ, Hamburg NM, Mittleman MA. Relation of Long-term Exposure to 
Air Pollution to Brachial Artery Flow-Mediated Dilation and Reactive Hyperemia. Am J Cardiol., 2014 Jun 
15;113(12):2057-63 

PMID: 24793676; PMCID: PMC4066389 

 

558. Zhang K, Li Y, Schwartz J, O’Neill M. What weather variables are important in predicting heat-
related mortality? A new application of statistical learning methods. Environ Res, 2014;132:350-59 

PMID: 24896768 

 

559. Alexeeff SE, Schwartz J, Kloog I, Chudnovsky A, Koutrakis P, Coull BA. Consequences of 
kriging and land use regression for PM2.5 predictions in epidemiologic analyses: Insights into spatial 
variability using high-resolution satellite data. J Exposure Sci Environ Epi, 2015; 25:138-44.  

560. Austin E, Zanobetti A, Coull BA, Schwartz J, Gold DR, Koutrakis P. Ozone trends and their 
relationship to characteristic weather patterns. J Exposure Sci Environ Epi, 2014 July, in press. 

PMID: 25004934 

 

561. Link MS;Luttmann-Gibson H, Schwartz J,Mittleman MA, Wessler B, Gold DR;Dockery DW, 
Laden F,. Triggering of Cardiac Arrhythmias The Problem of Multicollinearity Among Air Pollution and 
Meteorological Factors. J Am Col Cardiology, 2014; 63:1227-28.  

PMID: 24269359; PMCID: PMC4051615 

 



  59 

562.  Wang Y, Eliot M, Kuchel GA, Schwartz J, Coull BA, Mittleman MA, Lipsitz LA, Wellenius GA. 
Long-term Exposure to Ambient Air Pollution and Serum Leptin in Older Adults: Results from the 

MOBILIZE Boston Study. J Occup Environ Med, 2014;56:E73-E77.   

PMID: 25192230; PMCID: PMC4157313 

 

563. Burris HH, Baccarelli AA, Motta V, Byun HM, Just AC, Mercado-Garcia A, Schwartz J, 
Svensson K, Téllez-Rojo MM, Wright RO. Association between length of gestation and cervical DNA 

methylation of PTGER2 and LINE 1-HS. Epigenetics. 2014; 9:8, 1083–1091. 

PMID: 24827772; PMCID: PMC4164493 

 

564. Mills D, Schwartz J, Lee M, Sarofim M, Jones R, Lawson M, Duckworth M, Deck L. Climate 
change impacts on extreme temperature mortality in select metropolitan areas in the United States. 
Climate Change, 2014; DOI 10.1007/s10584-014-1154-8.  

565. Ljungman PL, Wilker EH, Rice MB, Schwartz J, Gold DR, Koutrakis P, Vita JA, Mitchell GF, 
Ramachandran SV, Benjamin EJ, Mittleman MA, Hamburg NM. Short-term exposure to air pollution and 
digital vascular function. Am J. Epidemiol, 2014; 180 (5):482-89.  

PMID: 25100647; PMCID: PMC4143083 

 

566. Fang S, Schwartz J, Yang M, Yaggi HK, Bitwise DL, Araujo AB. Traffic-related air pollution and 
sleep in the Boston Area Community Health Survey. J Expos Sci Env Epi. 2014.  doi: 
10.1038/jes.2014.47. 

PMID: 24984980; PMCID: PMC4282629 

 

567. Achilleos S, Evans J, Yiallouros P, Schwartz J, Koutrakis P. PM10 concentration levels at an 
urban and background site in Cyprus: The impat of urban sources and dust storms. J Air Waste Manage 
Assoc, 2014, 64:1352-60.  

PMID: 25562931 

 

568. Kloog I, Nordio F, Coull BA, Schwartz J. Predicting spatiotemporal mean air temperature using 
MODIS satellite surface temperature measurements across the Northeastern USA, Remote Sensing of 
Environment, Volume 150, July 2014, Pages 132-139. 

569.  Kloog I, Chudnovsky AA, Just AC, Nordio F, Koutrakis P, Coull BA, Lyapustin A, Wang Y and 
Schwartz J. A New Hybrid Spatio-Temporal Model For Estimating Daily Multi-Year PM2.5 
Concentrations Across Northeastern USA Using High Resolution Aerosol Optical Depth Data, Atmos 
Environ, 95 (2014) 581-90.  

570.  Perrakis K, Gryparis A, Schwartz J, Le Tertre A, Katsouyanni K, Forastiere F, Stafoggia M, 
Samoli E. Controlling for seasonal patterns and time varying confounders in time-series epidemiological 
models: a simulation study. Statistics in Medicine, 2014;33:4904-4928. 



  60 

PMID: 25052462 

  

571. Pandolfi M, Tobias A; Alastuey A; Sunyer J; Schwartz J; Lorente J; Pey J; Querol X. Effect of 
atmospheric mixing layer depth variations on urban air quality and daily mortality during Saharan dust 
outbreaks. Sci of Tot Environ, 2014; 494:283-89.  

PMID: 25051327 

 

572. Gronlund CJ, Zanobetti A, Schwartz JD, Wellenius GA, O’Neill MS. Heat, Heat Waves, and 
Hospital Admissions among the Elderly in the United States, 1992-2006. Environ Health Perspect, 
2014;122:1187-92. 

PMID: 24905551; PMCID: PMC4216145 

 

573. Zanobetti A, Austin E, Coull BA, Schwartz J, Koutrakis P. Health effects of multi-
pollutant profiles. Environ Int. 2014,71:13-19. 

PMID: 24950160; PMCID: PMC4383187 

 

574.  Samoli E, Peng RD, Ramsay T, Touloumi G, Dominici F, Atkinson RD,  Zanobetti A, Le Tertre 
A, Anderson HR,J Schwartz J, Cohen A, Krewski D, Samet JM, Katsouyanni K. What is the impact of 
systematically missing exposure data on air pollution health effect estimates? Air Qual Atmos Health, 
2014 ;7:415-420. 

575. Orenstein STC, Thurston SW, Bellinger DC, Schwartz JD, Amarasiriwardena CJ, Altshul LM, 
Korrick SA. Prenatal Organochlorine and Methylmercury Exposure and Memory and Learning in School-
Aged Children in New Bedford, Massachusetts. Environ Health Perspect, 2014 Nov;122(11):1253-9. 

PMID: 25062363; PMCID: PMC4216164 

 

576. Lepeule J, Litonjua AA, Coull BA, Koutrakis P, Sparrow D, Vokonos PS, Schwartz JD. Long-
term effects of Traffic Particles on lung function decline in the elderly. Am J Respir Crit Care Med, 2014; 
190:542-548.  

PMID: 25028775; PMCID: PMC4214085 

 

577. Prada D, Colicino E, Power MC, Cox D, Weisskopf M, Hou L, Spiro III A, Vokonas P, Zhong J, 
Sanchez-Guerra M, Herrera L, Schwartz J, Baccarelli AA.  Influence of multiple APOE genetic variants 
on cognitive function in a cohort of older men - Results from the Normative Aging Study. BMC 
Psychiatry 2014; 14:223.  

PMCID: PMC4149270. 

578. Zanobetti A, Dominici F, Wang Y, Schwartz JD. A national case-crossover analysis of the short-
term effect of PM2.5 on hospitalizations and mortality in subjects with diabetes and neurological 
disorders. Environ Health. 2014 May 22;13(1):38. doi: 10.1186/1476-069X-13-38. 



  61 

PMID: 24886318; PMCID: PMC4064518 

 

579. Colicino E, Power MC, Cox DG, Weisskopf MG, Hou L, Alexeeff SE, Sanchez-Guerra M, 
Vokonas P, Spiro A 3rd, Schwartz J, Baccarelli AA. Mitochondrial haplogroups modify the effect of 
black carbon on age-related cognitive impairment. Environ Health. 2014 May 30;13(1):42. doi: 
10.1186/1476-069X-13-42.  

PMCID: PMC4049407 

580. Blanes-Vidal V, Bælum J, Schwartz J, Løfstrøm P, Christensen LP. Respiratory and sensory 
irritation symptoms among residents exposed to low-to-moderate air pollution from biodegradable 
wastes. J Expo Sci Environ Epidemiol. 2014 Jul;24(4):388-97. 

PMID: 24736101 

 

581.  Ji JS, Schwartz J, Sparrow D, Hu H, Weisskopf MG. Occupational determinants of cumulative 
lead exposure: analysis of bone lead among men in the VA normative aging study. J Occup Environ 
Med. 2014 Apr;56(4):435-40.  

PMID: 24709766; PMCID: PMC3982188 

 

582. Behbod B, Sordillo J, Hoffman E, Datta S, Webb T, Kwan D, Kamel J, Muilenberg M, Scott J, 
Chew G, Platts-Mills T, Schwartz J, Coull BA, Burge H, Gold D. Asthma & Allergy Development: 
Contrasting Influences of Yeasts & Other Fungal Exposures. Clinical & Experimental Allergy, 2015; 
45 ( 1)es: 154-163.   

PMID: 25200568 

 

583. Fleisch AF, Rifas-Shiman S, Koutrakis P, Schwartz JD, Kloog I, Melly S, Coull BA, Zanobetti A, 
Gillman MW, Gold DR, Oken E. Prenatal Exposure to Traffic Pollution: Associations with Reduced Fetal 
Growth and Rapid Infant Weight Gain. Epidemiol, 2015; 26(1):43-50. 

PMID: 25437317; PMCID: PMC4285344 

 

584. Mehta AJ, Kloog I, Zanobetti A, Coull BA, Sparrow D, Vokonas P, Schwartz J. Associations 
between changes in city and address specific temperature and QT interval-the VA Normative Aging 
Study. Plos One, 2014; 9:e106258. 

PMID: 25238150; PMCID: PMC4169528 

 

585. Jacobs JH, Viboud C, Tchetgen Tchetgen E, Schwartz J, Steiner C, Simonsen L, Sipsitch M. 
The association of meningococcal disease with influenza in the United States, 1989-2009. PLoS ONE 
2014, 9(9): e107486. doi:10.1371/journal.pone.0107486 

PMID: 25265409; PMCID: PMC4180274 

 



  62 

586.  Bind MA, Coull B, Suh H, Wright R, Baccarelli A, Vokonas P, Schwartz J.A Novel Genetic 
Score Approach Using Instruments to Investigate Interactions between Pathways and Environment: 
Application to Air Pollution. Plos One, 2014 Article Number: e96000    

PMCID: PMC3995963. 

587.  Conti S, Lafranconi A; Zanobetti A, Fornari C, Madotto F, Schwartz J, Cesana G. 
Cardiorespiratory treatments as modifiers of the relationship between particulate matter and health: a 
case-only analysis on hospitalized patients in Italy. Environ Res, 2015; 136, pages 491–499.  

PMID: 25460671 

 

588.  Sade MY, Vodonos A, Novack V, Friger M, Amit G, Katra I, Schwartz J, Novack L. Can air 
pollution trigger an onset of Atrial Fibrillation: a population based study. Air Quality, Atmosphere and 
Health, 2015,: 8: 4   Pages: 413-420.  

589. Baccarelli AA, Zheng Y, Zhang X, Chang D, Liu L, Wolf KR, Zhang Z, McCracken JP, Díaz A, 
Bertazzi PA, Schwartz J, Wang S, Kang C-M, Koutrakis P and Hou L. Air Pollution Exposure and Lung 
Function in Highly Exposed Subjects in Beijing China: a Repeated-Measure Study. Particle and Fibre 
Toxicology, 2014, 11:51. 

PMID: 25272992; PMCID: PMC4192276 

 

590.  Carmona JJ, Sofer T, Hutchinson J, Cantone L, Coull BA, Maity A, Vokonas P, Lin X, Schwartz 
J, Baccarelli AA. Short-term airborne particulate matter exposure alters the epigenetic landscape of 
human genes associated with the mitogen-activated protein kinase network: a cross-sectional study. 
Environmental Health, 2014, 13:94.  

PMCID: PMC4273424. 

591. Lakshmanan A, Chiu Y-H M, Coull BA, Just AC, Maxwell SL, Schwartz J, Gryparis A, Itai Kloog 
I, Wright RJ, Robert O Wright RO. Associations between Prenatal traffic-related air pollution exposure 
and birth weight: Modification by sex and maternal pre-pregnancy body mass index. Environmental 
Research, 2015:137:268-77. 

PMID: 25601728; PMCID: PMC4354711 

 

592. Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A, Schwartz J, Tobias A, Tong S, 
Rocklöv J, Forsberg B, Leone M, De Sario M, Bell ML, Guo Y-L L, Wu1 C-F, Kan H, Yi S-M, Coelho M 
de SZS, Saldiva PHN, Honda Y, Kim H, Armstrong B. Mortality risk attributable to high and low ambient 
temperature: a multi-country study. The Lancet, 2015 Jul 25;386(9991):369-75. doi: 10.1016/S0140-
6736(14)62114-0. 

PMID: 26003380 

  

593. Bliznyuk N, Paciorek CJ, Schwartz J, and Coull BA. Nonlinear predictive latent process models 
for integrating spatio-temporal exposure data from multiple sources. 2014 Ann. Appl. Stat.Volume 8, 
Number 3 (2014), 1538-156.  



  63 

594. Mordukhovich I, Lepeule J, Coull BA, Sparrow D, Vokonas P, Schwartz J., The effect of oxidative 
stress polymorphisms on the association between long-term black carbon exposure and lung function 
among elderly men. Thorax, 2015;70:133-7.  

PMID: 25414198 

 

595. Lee MH, Nordio F, Zanobetti F, Kinney P, Vautard R, and Schwartz J. Acclimatization across 
space and time in the effects of temperature on mortality: a time-series analysis. Environmental Health, 
2014 Oct 28;13:89 . 

PMID: 25352015 ;PMCID: PMC4271464 

 

596.  Nguyen J, Link MS, Luttmann-Gibson H, Laden F, Schwartz J, Wessler BS, A. Mittleman M, 
Gold DR, Dockery DW. Drier air and lower temperatures trigger paroxysmal atrial fibrillation. Epidemiol, 
2015 May. 26: 374-380. 

PMID: 25756220 

 

597. Marioni RE, Shah S, McRae AF, Chen BH, ColicinoE, Harris SE, Gibson J, Henders AK, 
Redmond P, Cox SR, Pattie A, Corley J, Murphy L, Martin NG, Montgomery GW, Feinberg AP, M. Fallin 
D, Multhaup ML, Jaffe AE, Joehanes R, Schwartz J, Just AC, Lunetta KL, Murabito JM, Starr JM, 
Horvath S, Baccarelli AA, Levy D, Visscher PM, Wray N, Deary IJ. DNA methylation age of blood 
predicts all-cause mortality in later life.  Genome Biology, 2015; 16:25.  

PMID: 25633388; PMCID: PMC4350614 

 

598. Shi L, Zanobetti A, Kloog I, Coull BA, Koutrakis P, Melly S, Schwartz J. Low-Concentration 
PM2.5 and Mortality: Estimating Acute and Chronic Effects in a population based study. Environ Health 
Perspect, 2016, 124:46–52; http://dx.doi.org/10.1289/ehp.1409111.  

PMID: 26038801 

 

599. Kioumourtzoglou M-A, Schwartz JD, Weisskopf MG,  Melley SJ, Wang Y, Dominici F, Zanobetti 
A. Long-term PM2.5 Exposure and Neurological Hospital Admissions in the Northeastern United States. 
Environ Health Perspect. 2016, 124:23–29; http://dx.doi. org/10.1289/ehp.1408973. 

PMID: 25978701 

 

600. Jhun MA, Hu H, Schwartz J, Weisskopf MG, Nie LH, Sparrow D, Vokonas PS, MD5; Park SK. 
Effect modification by Vitamin D receptor genetic polymorphisms in the association between cumulative 
lead exposure and pulse pressure: a longitudinal study. Environ Health. 2015 Jan. 14(1):5. 

PMID: 25582168; PMCID: PMC4417283 

 



  64 

601. Driscoll C, Buonocore J, Levy JI, Lambert K, Burtraw D, Reid SB, Fakhraei H, and Schwartz J. 
U.S. Power Plant Carbon Standards and Clean Air and Health Co-benefits. Nature Climate Change, 
2015, 5, 535–540.  

602. Kloog I, Zanobetti A, Nordio F, Coull BA, Baccarelli AA, Schwartz J. Effects of airborne fine 
particles (PM2.5) on Deep Vein Thrombosis Admissions in North Eastern United States. Journal of 
Thrombosis and Haemostasis, 2015; 13:768-74.   

PMID: 25678264; PMCID: PMC4424156 

  

603.  Sanders AP, Burris HH, Just AC, Motta V, Svensson K, Mercado-Garcia A, Schwartz J, Tellez-
Rojo MM, Wright RO,. Baccarelli AA. MicroRNA expression in the cervix during pregnancy is associated 
with length of gestation. Epigenetics, 2015; 10:221-28.  

PMID: 25611922 

 

604. Nguyen JL, Laden F, Link MS, Schwartz J, Luttman-Gibson H, Dockery DW. Weather and the 
triggering of Ventricular Arrhthmias in patients with implantable cardioverter defibrillators. J Expos 
Science Environ Epid, 2015, Mar-Apr:25(2):175-181. 

PMID: 24169878 

 

605. Rice MB, Ljungman vPL, Wilker EH, Gold DR, Schwartz JD, Koutrakis P, Washko GR, 
O’Connor GT, Mittleman MA. Long-Term Exposure to Traffic and Fine Particulate Matter Are Associated 
with Accelerated Lung Function Decline in the Framingham Heart Study. Am J Respir Crit Care Med, 
2015; 191:656-64.  

PMID: 25590631; PMCID: PMC4384780 

 

606. Mehta AJ, Kubzansky LD, Coull BA, Kloog I, Koutrakis P, Sparrow D, Spiro A III, Vokonas P, 
Schwartz J. Associations between air pollution and perceived stress: the VA Normative Aging Study. 
Environ Health, 2015, Volume: 14  Article Number: UNSP 10. 

607. Levy I, Levin N, Yuval, Schwartz J and Kark J. Back-extrapolating a land use regression model 
for estimating past exposures to traffic-related air pollution. Environ Sci and Technology, 2015; 49:3603-
10.  

PMID: 25692663 

 

608.  Peng C, Luttmann-Gibson H, Zanobetti A, Cohen A, De Souza C, Coull BA, Horton ES, 
Schwartz J, Koutrakis P, Gold DR. Air pollution influences on exhaled nitric oxide among people with 
type II diabetes. Air Quality, Atmosphere, and Health, 2016; 9: 265-273.  

609. Schwartz J, Austin E, Bind M-A, Zanobetti A, Koutrakis P.Estimating Causal Associations of 
Low PM2.5 on Daily Deaths in Boston. Am J Epidemiol, 2015 Oct 1;182(7):644-50.  

610. Kloog I, Melly SJ, Coull BA, Nordio F, Schwartz JD. Using Satellite Based Spatio-Temporal 
Resolved Air Temperature Exposure to Study the Association between Ambient Air Temperature and 
Birth Outcomes in Massachusetts. Environ Health Persp, 2015, 10: 1053-8.  



  65 

611. Harris MH, Gold DR, Rifas-Shiman SL, Melly S, Zanobetti A, Coull BA, Schwartz JD, Gryparis 
A, Kloog I, Koutrakis P, Bellinger DC, White RF, Sagiv SK, Okun E. Prenatal and Childhood Traffic-
Related Pollution Exposure and Childhood Cognition in the Project Viva Cohort (Massachusetts, USA). 
Environ Health Perspect, 2015 123:1072–1078; http://dx.doi. org/10.1289/ehp.1408803.  

612. Nordio F, Zanobetti A, kloog I, Schwartz J. Changing patterns of the temperature-mortality 
association by time and location in the US, and implications for climate change. Environ Int, 2015 81, 
80-86. 

613. Ljungman PJ, Wilker EH, Rice MB, Austin E, Schwartz J, Gold DR, Koutrakis P, Benjamin EJ, 
Vita JA, Marshall GF, Vasan RS, Hamburg, NM, Mittleman MA. The Impact of Multi-pollutant Clusters of 
the Association between Fine Particulate Air Pollution and Microvascular Function, Epidemiol, 2016 
Mar;27(2):194-201. 

614. Sanchez-Guerra  M, Zheng Y, Osorio-Yanez C, Chervona Y,  Wang S,  Chang D, McCracken 
JP,  Díaz A, Bertazzi PA,  Koutrakis P, Kang C_M, Zhang X,  Byun H-M, Schwartz J, Hou L, Baccarelli 
AA. Effects of Particulate Matter Exposure on Blood 5-hydroxymethylation: Results from the Beijing 
Truck Driver Air Pollution Study, Epigenetics, 2015;10(7):633-42. 

615.  Lee M, Kloog I, Chudnovsky A, Lyapustin A, Wang Y, Melly SJ, Coull BA, Koutrakis P, 
Schwartz J Spatiotemporal prediction of fine particulate matter using high resolution satellite images in 
the southeastern U.S 2003-2011. J Expos Sci Environ Epi, 2016 June, 26, 4 ; 377-384.  

PMID: 26082149 
616. Kinney PL, Schwartz J, Pascal M, Petkova E, Le Tertre A, Medina S, Vautard R.  Winter 
Season Mortality: Will Climate Warming Bring Benefits? Environ Res Letters, 2015; 10;6 . 

617.  Porta D, Narduzzi S, Badaloni C, Bucci S, Cesaroni G, Colelli V, Davoli V, Sunyer Deu J, Zirro 
E, Schwartz J, Forastiere F, Air pollution and cognitive development at age seven in a prospective 
Italian birth cohort, Epidemiol, 2016 Mar;27(2):228-36. doi: 10.1097/EDE.0000000000000405. 

618.  Sanders AP, Burris HH, Just AC, Motta V, Amarasiriwardena C, Svensson K, Oken E, 
Mercado-Garcia A, Pantic I, Schwartz J, Tellez-Rojo MM, Baccarelli AA, and Wright RO. Altered miRNA 
expression in the cervix during pregnancy associated with lead and mercury exposure. 
Epigenomics,  2015;7(6):885-96. doi: 10.2217/epi.15.54. 

619. Zhong J, Colicino E, Lin X, Mehta A, Kloog I, Zanobetti A, Byun HM, Bind MA, Cantone L, Prada 
D, Tarantini L, Trevisi L, Sparrow D, Vokonas P, Schwartz J, Baccarelli AA. Cardiac autonomic 
dysfunction: particulate air pollution effects are modulated by epigenetic immunoregulation of Toll-like 
receptor 2 and dietary flavonoid intake. J Am Heart Assoc 2015;4 doi: 10.1161. 

PMID: 25628407; PMCID: PMC4330067 

620.  van Rossem L, Rifas-Shiman SL, Melly SJ, Kloog I, Luttmann-Gibson H, Zanobetti A, Coull BA, 
Schwartz JD, Mittleman MA, Oken E, Gillman, MW Koutrakis P, Gold DR. Prenatal Air Pollution 
Exposure and Newborn Blood Pressure, Environ Health Perspect, 2015;123:353-59. 

PMID: 25625652; PMCID: PMC4384198  



  66 

621. Wilker E H., Preis S R., Beiser A S,  Wolf PA , Au, R ,Kloog I , Li W , Schwartz, J , Koutrakis 
P , DeCarli, C , Seshadri, S , Mittleman, MA . Long-Term Exposure to Fine Particulate Matter, 
Residential Proximity to Major Roads and Measures of Brain Structure. Stroke 2015; 46:1161-66.  

PMID: 25908455; PMCID: PMC4414870 

622. Kioumourtzoglou M-A; Austin E, Koutrakis Petros, Dominici F, Schwartz J, Zanobetti, A . PM2.5 
and Survival Among Older Adults Effect Modification by Particulate Composition. Epidemiol, 2015; 
26:321-27.  

PMID: 25738903 

623. Gasparrini A, Guo Y, Hashizume M, Kinney PL. Petkova E, Lavigne E, Zanobetti A, Schwartz 
JD, Tobias A, Leone M, Tong S, Honda Y, Kim H, and Armstrong BG. Temporal Variation in Heat-
Mortality Associations: A Multicountry Study. Environ Health Perspect, 2015, Nov;123(11):1200-7. doi: 
10.1289/ehp.1409070. 

PMID: 25933359 

624. Hou L, Barupal J, Zhang W, Zheng Y, Liu L Zhang X, Dou C, McCracken JP, Díaz A, Motta V, 
Sanchez-Guerra M, Wolf KR, Bertazzi PA, Schwartz JD, Wang S, Baccarelli AA. Particulate Air 
Pollution Exposure and Expression of Viral and Human MicroRNAs in Blood: The Beijing Truck Driver 
Air Pollution Study, Environ Health Perspect, 2016 Mar;124(3):344-50. doi: 10.1289/ehp.1408519.  

PMID: 26068961 

625. Mordukhovich I, Coull BA, Kloog I, Koutrakis P, Vokonas P, Schwartz J. Association between 
Particulate Air Pollution and QT Interval Duration in an Elderly Cohort. Epidemiol, 2016 Mar;27(2):284-
90. doi: 10.1097/EDE.0000000000000424. 

626. Dai L, Koutrakis P, Coull BA, Sparrow D, Vokonas P, Schwartz J. Use of the Adaptive LASSO 
Method to Identify PM2.5 Components Associated with Blood Pressure in Elderly Men: The Veterans 
Affairs Normative Aging Study. Environ Health Perspect, 2016 Jan;124(1):120-5. doi: 
10.1289/ehp.1409021.PMID: 26090776 

627. Ierodiakonou  D,  Zanobetti  A, Coull BA, Melly S, Postma DS, Boezen HM, Vonk JM, Williams 
PV, Shapiro GG, McKone EF, Hallstrand TF,  Koenig JQ, Schildcrout JS, Lumley T, Fuhlbrigge A, 
Koutrakis P, Schwartz J, Weiss ST, Gold DR. Ambient air pollution, lung function and airway 
responsiveness in children with asthma. J Asthma Clin Imunol, 2016 Feb;137(2):390-9. doi: 
10.1016/j.jaci.2015.05.028. 

628. Just A, Wright R, Schwartz J, Coull BA,Baccarelli A, Tellez-Rojo M, Moody E, Wang 
Yujie,Lyapustin Alexei, Kloog I. Using high-resolution satellite aerosol optical depth to estimate daily 
PM2.5 geographical distribution in Mexico City. Environ Sci and Technol, 2015, 49 (14), 8576-8584. 

PMID: 26061488 

629. Dietterich L, Zanobetti A, Kloog I, Huybers P, Leakey A, Bloom A, Carlisle E, Fitzgerald G, 
Hasegawa T, Holbrook NM, Nelson R, Ottman M, Raboy V, Sakai H, Sartor H, Schwartz J, Seneweera 
S, Norton R, Fernando NJ, Usui Y, Yoshinaga S, Myers S. Impacts of elevated atmospheric CO2 on 
nutrient content of important food crops. Sci Data, 2015 Jul 21;2:150036. doi: 10.1038/sdata.2015.36. 



  67 

630.  Shi L, Kloog I, Zanobetti A, Liu P, Schwartz JD. Impacts of Temperature and its Variability on 
Mortality in New England. Nature Climate Change, 2015, 5, 988–991. 

631. Myers SS, Wessells KR, Kloog I, Zanobetti A, Schwartz J. Rising atmospheric CO2 increases 
global threat of zinc deficiency. Lancet Global Health,  2015 Oct;3(10):e639-45. doi: 10.1016/S2214-
109X(15)00093-5. 

632. Kioumourtzoglou M-A, Schwartz J, James P, Dominici F, Zanobetti A. Long term exposure to 
PM2.5 and mortality in 207 US Cities: Modification by Temperature, population and city-specific 
characteristics. Epidemiol, 2016; 221-227.  

633. Jhun I, Coull B, Schwartz J, Hubbell B, Koutrakis P. The Impact of Weather Changes on Air 
Quality and Health in the United States in 1994-2012. Environ Res Letters, 2015: 10 (8), 084009.  

634. Bind, M-A, VanderWeele T, Coull BA, Schwartz J. Causal mediation analysis for longitudinal 
data with endogenous exposure. Biostatistics,  2016 Jan;17(1):122-34. doi: 10.1093/biostatistics/kxv029.  

635. Vicedo-Cabrera AM, Forsberg B, Tobias A, Zanobetti A, Schwartz J, Armstrong B, Gasparrini 
A. Association of inter and intra-day temperature change with mortality. American J Epidemiol,  2016 
Feb 15;183(4):286-93. doi: 10.1093/aje/kwv205.  

636. Lee MH, Koutrakis P, Coull BA, Kloog I, Schwartz J. Acute effects of fine particulate matter on 
mortality in three Southeastern states from 2007-2011. J expos sci environ epi, 2016: 26, 173–179; 
doi:10.1038/jes.2015.47. 

637. Vodonos A, Friger M, Katra I, Krasnov H, Zager D, Schwartz J, Novack V. Dust exposure effect 
on cardiovascular morbidity; individual effect modifiers. PLOS One, 2015 Sep 18;10(9):e0137714. doi: 
10.1371/journal.pone.0137714. 

638. BT Joyce, T Gao, L Liu, Y Zheng, S Liu, W Zhang, F Penedo, Q Dai, Schwartz J, Baccarelli 
AA, Hou L. Longitudinal Study of DNA Methylation of Inflammatory Genes and Cancer Risk. Cancer 
Epidemiology Biomarkers & Prevention, Cancer Epidemiol Biomarkers Prev. 2015 Oct;24(10):1531-8. 
doi: 10.1158/1055-9965.EPI-15-0198. 

639. Hsu H-H L, Chiu Y-H M, Coull BA,  Kloog I,  Schwartz J, Lee A, Wright RO, Wright RJ. Prenatal 
Particulate Air Pollution and Asthma Onset in Urban Children: Identifying Sensitive Windows and Sex 
Differences. Am J Respir Crit Care Med, 2015 Nov 1;192(9):1052-9. doi: 10.1164/rccm.201504-
0658OC. 

640.  Lomboy MFTC, Quirit LL, Molina VB, Dalmacion GV, Schwartz JD, Suh HH, Baja ES. 
Characterization of particulate matter 2.5 in an urban tertiary care hospital in the Philippines. Building 
and Environment, 2015, 92:432–439. 

641. Gasparrini A, Guo Y, Hashizume M, Lavigne E, Tobias A, Zanobetti A, Schwartz JD, Leone M, 
Michelozzi P, Kan H, Tong S, Honda Y, Kim B, Armstrong  BG. Changes in susceptibility to heat within 
the summer: a multi-country analysis. Amer J Epidemiol, 2016; 183(11):1027-103.  

642. Bind MA, Coull BA, Peters A, Baccarelli AA, Tarantini L, Cantone L, Vokonas PS, Koutrakis P, 
Schwartz JD. Beyond the Mean: Quantile Regression to Explore the Association of Air Pollution with 



  68 

Gene-Specific Methylation in the Normative Aging Study. Environ Health Perspect. 2015 
Aug;123(8):759-65. 

643.  Schwartz J, Bind MA, Koutrakis P. 2017. Estimating causal effects of local air pollution on daily 
deaths: effect of low levels. Environ Health Perspect 2017;125:23–29; PMCID: PMC5226700.  

644. Chen J, Just AC, Schwartz J, Hou L, Jafari N, Sun Z, Baccarelli A, Lin X. CpGFilter:Model-
based CpG probe filtering with replicates for epigenome-wide association studies. Bioinformatics, 2016 
Feb 1;32(3):469-71. doi: 10.1093/bioinformatics/btv57.  

645. Pelta, R.Chudnovsky, A. A. Schwartz, J. Spatio-temporal behavior of brightness temperature in 
Tel-Aviv and its application to air temperature monitoring 2015, Environ Pollut. 
10.1016/j.envpol.2015.09.007  

646. Mordukhovich I, Coull BA, Kloog I, Koutrakis P, Vokonas P, Schwartz J. Exposure to Sub-
Chronic and Long-term Particulate Air Pollution and Heart Rate Variability in an Elderly Cohort: the 
Normative Aging Study. Environmental Health, 2015, 14:87 (6 November 2015).  

647.  Hou L, Joyce BT, Gao T, Liu L, Zheng Y, Penedo FJ, Liu S, Zhang W, Bergan R, Qi D, 
Vokonas P, Hoxha M, Schwartz J, Baccarelli A. Blood telomere length attrition and cancer development 
in the Normative Aging Study Cohort. EBiomedicine, 2015 Apr 13;2(6):591-6. doi: 
10.1016/j.ebiom.2015.04.008.  

648. Chiu YSM, Hsu HHL, Coull BA, Bellinger DC, Kloog I, Schwartz J, Wright RO, Wright RJ. 
Prenatal Particulate Air Pollution and Neurodevelopment in Urban Children: Identifying Sensitive 
Windows and Sex Differences. Environment International, 2016 Feb;87:56-65.  

649. Mehta A, Zanobetti A, Kloog I, Koutrakis P, Sparrow D, Vokonas P, Schwartz J.  Association 
between long-term exposure to ambient fine particulate matter and renal function: The VA Normative 
Aging Study. Environ Health Perspect, 2016, 124:9  Pages: 1353-1360. PMID: 26955062   

650. Rice MB, Rifas-Shiman SL, Litonjua AA, Oken E, Gillman MW,  Kloog I, Luttmann-Gibson H, 
Zanobetti A, Coull, BA, Schwartz J, Koutrakis P, Mittleman MA, Gold DR. Lifetime Exposure to Ambient 
Pollution and Lung Function in Children. Am Rev Resp Crit Care Med, 2016 Apr 15;193(8):881-8.   

651.  Shi L, Liu P, Kloog I, Lee M, Kosheleva A, Schwartz J. Estimating daily air temperature across 
the Southeastern United States using high-resolution satellite data: a statistical modeling study. Environ 
Res, 2016, 146: 51–58. 

652. Kim D Kubzansky LD, Baccarelli A, Sparrow D, Spiro AIII, Tarantini L, Cantone L, Vokonas P, 
Schwartz J. Psychological factors and DNA methylation of genes related to immune/inflammatory 
system markers: the VA Normative Aging Study. BMJ Open 2016; 6(1): e009790.  

653. Schwartz JD, Lee MH, Kinney P, Yang S, Mills D, Sarofim M, Jones R, Streeter R, Juliana A, 
Peers J, Horton R. Projections of temperature-attributable premature deaths in 209 U.S. cities using a 
cluster-based Poisson approach. Environmental Health 2015, 14:85 (4 November 2015).  

654. Nwanaji-Enwerem JC, Colicino E, Trevisi L, Kloog I, Just AC, Shen J, Brennan K, Dereix A, Hou 

L, Vokonas P, Schwartz J, Baccarelli AA. Long-term ambient particle exposures and blood DNA 



  69 

methylation age: findings from the VA normative aging study.Environ Epigenet. 2016 Apr;2(2). pii: 

dvw006. PMID: 27453791.  

655. Zhong J.· Cayir A,Trevisi  L, Sanchez-Guerra M, Lin X,·  Peng C, Bind M-A, 

Prada D, Laue H,  Brennan KJM,·  Dereix A, Sparrow D, Vokonas P, Schwartz J, Baccarelli AA.  

Traffic-Related Air Pollution, Blood Pressure, and Adaptive Response of Mitochondrial Abundance. 

Circulation,  2016 Jan 26;133(4):378-87.  

 

656. Dai L, Bind M-A, Koutrakis P, Coull BA, Sparrow D, Vokonas PS, Schwartz JD. Fine particles, 

genetic pathways, and markers of inflammation and endothelial dysfunction: Analysis on particulate 

species and sources. Journal of Exposure Science and Environmental Epidemiology, 2016;26; 4: 415-

421. doi:10.1038/jes.2015.83.  

 

657. Mehta AJ, Cassidy A, Litonjua,AA, Sparrow D, Vokonas P, Schwartz J. Dietary anthocyanin 

intake and age-related decline in lung function: longitudinal findings from the VA Normative Aging Study. 

Am J Clinical Nutrition, 2016 Feb;103(2):542-50. doi: 10.3945/ajcn.115.121467. 

 

658.  Panni T, Mehta A, Schwartz JD, Baccarelli AA, Just AC, Wolf K, Wahl S. Cyrus J, Kunze S, 

Strauch K, Waldenberg M, Peters A. A Genome-Wide Analysis of DNA Methylation and Fine Particulate 

Matter Air Pollution in Three Study Populations: KORA F3, KORA F4, and the Normative Aging Study. 

Environ Health Perspect, 2016, 124:7 Pages: 983-990. 

 

659. Zheng Y, Joyce BT, Colicino E, Liu L, Zhang W, Dai Q, Shrubsole MJ, Kibbe WA, Gao T, Zhang 

Z, Jafari N, Schwartz JD, Baccarelli, MD AA, Hou L, Blood epigenetic age may predict cancer incidence 

and mortality. EBiomedicine, 2016 Feb 8;5:68-73. 

 

660. Kloog I, Nordio F, Leuple J, Padoan A, Lee M, Auffray A, Schwartz J. Modelling Spatio-

Temporally Resolved Air Temperature across the complex geo-climate area of France Using Satellite-

Derived Land Surface Temperature Data. Int J Climatology, 2017,37:296-304.  

 

661. Fleisch AF, Kloog I, Luttmann-Gibson H, Gold DR, Oken E, Schwartz JD. Air pollution 

exposure and gestational diabetes mellitus among pregnant women in Massachusetts: a cohort study. 

Environ Health. 2016 Feb 24;15(1):40. doi: 10.1186/s12940-016-0121-4. PMCID: PMC4765142.  

 

662. Li W, Wilker EH, Dorans Rice MB, Schwartz J, Coull BA, Koutrakis P, Gold DR, Keaney JF, Lin 

H, Vasan RS, Benjamin EJ, Mittleman MA. Short-Term Exposure to Air Pollution and Biomarkers of 

Oxidative Stress: The Framingham Heart Study. J Am Heart Assoc,   2016 Apr 28;5(5).  

 

663. Colicino E, Giuliano G, Power MC, JLepeule J,Wilker EH, Vokonas P,Brennan KJM, Fossati S, 

Hoxha M, Spiro A III, Weisskopf MG,Schwartz J, Baccarelli AA. Long-term exposure to black carbon, 

cognition and single nucleotide polymorphisms in microRNA processing genes in older men. 

Environment International 88 (2016) 86–93.  

 



  70 

664. Qi D, Koutrakis P, Schwartz J. A Hybrid Prediction Model for PM2.5 Mass and Components 

using a Chemical Transport Model and Land Use Regression. Atmospheric Environment, 2017, 67:1, 

39-52, DOI:10.1080/10962247.2016.1200159.  

 

665. Wang Y, Kloog I, Coull BA, Kosheleva A, Zanobetti A, Schwartz JD. Estimating Causal Effects 

of Long-term PM2.5 Exposure on Mortality in New Jersey. Environ Health Perspect, 2016; 124(8): 1182-

1188. PMID:27082965 

 

666. Sofer T, Richardson D, Colicino E, Schwartz J, Tchetgen Tchetgen E-J. On negative outcome 

control of unobserved confounding as a generalization of difference-in-differences. Statistical Science, 

2016, 31: 3   Pages: 348-361. 

 

667.  Di Q, Kloog I, Koutrakis P, Lyapustin A, Wang Y, Schwartz J. Assessing PM2.5 Exposures 

with High Spatio-Temporal Resolution across the Continental United States. Environ Sci Tech, 2016 

May 3;50(9):4712-4721. PMID 27023334 

 

668.  Sade MY, Kloog I, Liberty IF, Schwartz J, Novack V. The Association between Air Pollution 

Exposure and Glucose and Lipids Levels.  J Clin Endocrinol Metab. 2016 Jun;101(6):2460-7. doi: 

10.1210/jc.2016-1378. PMID: 27218271 

 

669. Blanes-Vidal V, Schwartz J. Wind turbines and idiopathic symptoms: The confounding effect of 

concurrent environmental exposures. Neurotoxicol Teratol. 2016 Apr 1;55:50-57.  

 

670.  Bind MA, Peters A, Koutrakis P, Coull B, Vokonas P, Schwartz J. Quantile Regression Analysis of 

the Distributional Effects of Air Pollution on Blood Pressure, Heart Rate Variability, Blood Lipids, and 

Biomarkers of Inflammation in Elderly American Men: The Normative Aging Study. Environ Health 

Perspect. 2016, 124 (8): 1189-119.  

 

671.  Rodosthenous RS, Coull BA, Lu Q, Vokonas PS, Schwartz JD, Baccarelli AA. Ambient 

particulate matter and microRNAs in extracellular vesicles: a pilot study of older individuals. Part Fibre 

Toxicol. 2016 Mar 8;13(1):13. 

 

672. Fleisch AF, Luttmann-Gibson H, Perng W, Rifas-Shiman SL, Coull BA, Kloog I, Koutrakis P, 

Schwartz JD, Zanobetti A, Mantzoros CS, Gillman MW, Gold DR, Oken E. Prenatal and early life 

exposure to traffic pollution and cardiometabolic health in childhood. Pediatr Obes. 2016, in press.  

 

673.  Joyce BI, Gao T, Zheng Y, Liu L, Zhang W, Dai Q, Zhang H, Vokonas P, Hoxha M, Schwartz 

J, Baccarelli A, Hou L. Prospective changes in global DNA methylation and cancer incidence and 

mortality. Brit J Cancer, 2016, 115 (4): 465-472.  

 

674. Wilker EH, Martinez-Ramirez S, Kloog I, Schwartz J , Mostofsky E , Koutrakis P, Mittleman MA 

, Viswanathan A. Fine Particulate Matter, Residential Proximity to Major Roads, and Markers of Small 

Vessel Disease in a Memory Clinic Population. J Alzheimer’s disease, 2016 Jun 30;53(4):1315-23. 

 



  71 

675. Wang Y, Shi l, Zanobetti A, Schwartz JD. Estimating and Projecting the Effect of Cold Waves 

on Mortality in 209 US Cities. Environ Int, 2016; 94:141-49. 

 

676. Peng C, Bind M-A, Colicino E, Kloog I, Byun H-M, Cantone L, Trevisi L, Zhong J, Brennan K, 

Dereix AE, Vokonas, PS, Coull BA, Schwartz JD, Baccarelli AA. Particulate Air Pollution and Fasting 

Blood Glucose in Non-Diabetic Individuals: Associations and Epigenetic Mediation in the Normative 

Aging Study, 2000-2011. Environ Health Perspect,   124: 11: 1715-1721 2016. PMID: 27219535 

 

677. Di Q, Rowland S, Koutrakis P, Schwartz J. A hybrid model for spatially and temporally resolved 

ozone exposures in the continental United States. J Air and Waste Management Association, 67.1 

(2017): 39-52. 

 

678. Dorans KS, Wilker EH, Li W, Rice MB, Ljungman PL, Schwartz J, Coull BA, Kloog I, Koutrakis 

P, D'Agostino RB Sr, Massaro JM, Hoffmann U, O'Donnell CJ, Mittleman MA. Residential Proximity to 

Major Roads, Exposure to Fine Particulate Matter, and Coronary Artery Calcium: The Framingham 

Heart Study. Arterioscler Thromb Vasc Biol. 2016, 36: 8 Pages: 1679-1685.PMID: 27312220. 

 

679.  Harris MH, Gold DR, Rifas-Shiman SL, Melly SJ, Zanobetti A, Coull BA, Schwartz JD, Gryparis 

A, Kloog I, Koutrakis P, Bellinger DC, Belfort MB, Webster TF, White RF, Sagiv SK, Oken E. Prenatal 

and childhood traffic-related air pollution exposure and childhood executive function and 

behavior.  Neurotoxicol Teratol. 2016  Sept-Oct; 57:60-70. doi: 10.1016/j.ntt.2016.06.008. 

 

680.  Shi L, Liu P, Wang Y, Zanobetti A, Kosheleva A, Schwartz J.Long-term effects of temperature 

on mortality in the Southeastern USA: implications for public health risk of future climate change. 

Scientific Reports, 2016; 6:30161, DOI 10.1038/srep30161.  

 

681. Wang Y, Shi L, Lee MH, Liu P, Di Q, Zanobetti A, Schwartz JD.The effect of long-term 

exposure to PM2.5 on the survival of Medicare beneficiaries in the Southeastern US and its modifiers. 

Epidemiol, 2017;28:207-14. 

 

682.  Dai L, Kloog I, Coull BA, Sparrow D, Spiro A, Vokonas PS, Schwartz JD. Cognitive function 

and short-term exposure to residential air temperature: A repeated measures study based on 

spatiotemporal estimates of temperature. Environmental Research 2016:150, 446-451.  

 

683. Bind  MAC, Coull BA, Baccarelli A, Tarantini ,Cantone L,Vokonas PS, Schwartz J. 

Distributional changes in gene-specific methylation associated with temperature. Environmental 

Research 2016; 150, 38-46. 

 

684. Xu X, Wang G, Chen N, Lu N, Nie S, Xu G, Zhang P, Luo Y, Wang Y, Wang X, Schwartz J, 

Geng J, Hou FF. Long-Term Exposure to Air Pollution and Increased Risk of Membranous Nephropathy 

in China. Journal of the American Society of Nephrology, 2016, 27: 12: 3739-3746. 

685. Lee KH, Tadesse MG, Baccarelli AA, Schwartz JD, Coull BA. Multivariate Bayesian variable 

selection exploiting dependence structure among outcomes: Application to air pollution effects on DNA 

methylation. Biometrics, 2017;73:232-41. PMID 27377873. 



  72 

686. Wang Y,Bobb JF,Papi B, Wang Y, Kosheleva A, Di Q, Schwartz JD, Dominici F. Heat Stroke 

Admissions during Heat Waves in 1,916 US Counties for the Period from 1999 to 2010 and Their Effect 

Modifiers. 2016: Environ Health, 2016, 15: 83.  

687. Ding M, Hu Y, Schwartz J, Koh W-P, Yuan J-M, Sesso H, Ma J, Chavarro J, Hu F, Pan A. 

Delineation of Body Mass Index Trajectory Predicting Lowest Risk of Mortality in U.S. Men Using 

Generalized Additive Mixed Model. Annals of Epidemiology, 26.10 (2016): 698-703.  

 

688. Gronlund, CJ, Zanobetti, A, Wellenius, GA, Schwartz, JD, O'Neill, MS. Vulnerability to renal, 

heat and respiratory hospitalizations during extreme heat among US elderly. 2016, climatic change 

136:(3-4): 631-645. PMID 27453614. 

 

689.  Schwartz J. The year of Ozone. 2016 Am J Resp Crit Care Med; 193:1077-1079.  

 

690. Gaffin JM, Petty CR, Hauptman M, Kang CM, Wolfson JM, Abu Awad Y, Di Q, Lai PS, Sheehan 

WJ, Baxi S, Coull BA, Schwartz JD, Gold DR, Koutrakis P, Phipatanakul W. Modeling indoor particulate 

exposures in inner-city school classrooms. J Expo Sci Environ Epidemiol. 2016 Sep 7. doi: 

10.1038/jes.2016.52, in press.  

 

691. Joehanes R, Just AC, Marioni RE, Pilling LC, Reynolds LM, Mandaviya PR, Guan W, Xu T, Elks 

CE, Aslibekyan S, Moreno-Macias H, Smith JA, Brody JA, Dhingra R, Yousefi P, Pankow JS, Kunze S, 

Shah S, McRae AF, Lohman K, Sha J, Absher DM, Ferrucci L, Zhao W, Demerath EW, Bressler J, 

Grove ML, Huan T, Liu C, Mendelson MM, Yao C, Kiel DP, Peters A, Wang-Sattler R, Visscher PM, 

Wray NR, Starr JM, Ding J, Rodriguez CJ, Wareham NJ, Irvin MR, Zhi D, Barrdahl M, Vineis P, 

Ambatipudi S, Uitterlinden AG, Hofman A, Schwartz J, Colicino E, Hou L, Vokonas PS, Hernandez DG, 

Singleton AB, Bandinelli S, Turner ST, Ware EB, Smith AK, Klengel T, Binder EB, Psaty BM, Taylor KD, 

Gharib SA, Swenson BR, Liang L, DeMeo DL, O'Connor GT, Herceg Z, Ressler KJ, Conneely KN, 

Sotoodehnia N, Kardia SL, Melzer D, Baccarelli AA, van Meurs JB, Romieu I, Arnett DK, Ong KK, Liu Y, 

Waldenberger M, Deary IJ, Fornage M, Levy D, London SJ. Epigenetic Signatures of Cigarette 

Smoking. Circ Cardiovasc Genet. 2016, 9: 5   Pages: 436-447.  

 

692.  Li W, Dorans K, Wilker EH, Rice M, Long M, Schwartz J, Coull BA, Koutrakis P, Gold DR, 

Mittleman M. Residential Proximity to Major Roadways, Fine Particulate Matter, and Hepatic Steatosis: 

The Framingham Heart Study, American Journal of Epidemiology, 2017;186:857-865.  

 

693.  Medek DE, Schwartz J, Myers SS. Estimated effects of future atmospheric CO2 

concentrations on protein intake and the risk of protein deficiency by country and region. Environmental 

Health Perspectives, 2017;125:087002.  

 

694. Nwanaji-Enwerem J,   Dai L, Colicino E, Oulhote Y, Di Q, Kloog I, Just I, Hou L, Vokonas P, 

Baccarelli A, Weisskopf M, Schwartz J.  Associations between Long-term Exposure to PM2.5 

Component Species and Blood DNA Methylation Age in the Elderly: The VA Normative Aging Study. 

Environment International, 2017 May;102:57-65. doi: 10.1016/j.envint.2016.12.024. Epub 2017 Mar 

9.PMID: 28284819 

 



  73 

695.  Ward-Caviness CK, Nwanaji-Enwerem JC, Wolf K, Wahl S, Colicino E, Trevisi L, Kloog I, Just 

AC, Vokonas P,Josef Cyrys J, Gieger C, Schwartz J, Baccarelli AA, Schneider A and Peters A. Long-

term exposure to air pollution is associated with biological aging. Oncotarget, 2016 Nov 15;7(46):74510-

74525. doi: 10.18632/oncotarget.12903. PMID: 27793020.  

 

696. Chen BH, Marioni RE, Colicino E, Peters MJ, Ward‐Caviness CK, Tsai1 P-C, Roetker NS, Just 

AC, Demerath EW, Guan W, Bressler J, Fornage M, Studenski S, Vandiver AR, Moore AZ, Tanaka T, 

Kiel DP, Liang L, Vokonas P, Schwartz J, Lunetta KL, Murabito JM, Bandinelli S, Hernandez DG, 

Melzer D, Nalls M, Pilling LC, TR, Singleton AB, Gieger C, Holle R, Kretschmer A, Kronenberg F, Kunze 

AB, Linseisen J, Meisinger C, Rathmann W, Waldenberger S, Visscher PM, Shah S, Wray NR, McRae 

AF,Franco OH, Albert Hofman A, Uitterlinden AG, Absher D, Assimes T, Levine ME, Lu AK, Tsao PS, 

Lifang Hou L, Manson JE,Carty CL, LaCroix AZ, Reiner AP, Spector TD, Feinberg AP, Levy D, 

Baccarelli A,  van Meurs J, Bell JT, Peters , DearyIJ, Pankow JS, Ferrucci L, Horvath S. DNA 

methylation-based measures of biological age: meta-analysis predicting time to death. Aging, 2016. 

Vol8, No 9.  

 

697. Zheng Y, Sanchez-Guerra M, Zhang Z, Joyce BT, Zhong J, Kresovich JK, Liu L, Zhang W, Gao 

T, Chang D, Osorio-Yanez C, Carmona J; Wang S, McCracken JP; Zhang X, Chervona Y, Díaz A; 

Bertazzi P, Koutrakis P, Choong-Min K; Schwartz J; Baccarelli A, Hou L. Traffic-derived particulate 

matter exposure and histone H3 modification: A repeated measures study. Environmental Research, 

Environmental Research 153 (2017): 112-119.  

 

698. Jhun I, Mata DA, Nordio F, Lee M, Schwartz J, Zanobetti A. Ambient Temperature and Sudden 

Infant Death Syndrome in the United States. Epidemiology, 2017;28:728-34. 

 

699.  Liu L,Yoon G, Zheng Y, Zhang H, Zhang Z, Gao T, Joyce B, Zhang W; Baccarelli A, Jiang W, 

Schwartz J, Vokonas P, Hou L, Guan W,Jinchi LV. Ultra-High Dimensional Variable Selection: DNA 

Methylation and Metabolic Syndrome. BMC Bioinformatics, 2017 Mar 7;18(1):156. doi: 10.1186/s12859-

017-1568-1.PMID: 28264653. 

 

700. Ligthart S, Marzi C, Aslibekyan S, Mendelson MM, Conneely KN, Tanaka T, Colicino E, Waite 

LL, Joehanes R, Guan W, Brody JA, Elks C, Marioni R, Jhun MA, Agha g, Bressler J, Ward-Caviness 

CK,Chen BH, Huan T, Bakulski K, Salfati EL, WHI-EMPC Investigators, Fiorito G, CHARGE epigenetics 

of Coronary Heart Disease Wahl S, Schramm K, Sha J, Hernandez DG, Just AC, Smith JA, 

Sotoodehnia N, Pilling LC, Pankow JS,Tsao PS, Liu C, Zhao W, Guarrera S, Michopoulos VJ, Smith AK, 

Peters MJ, Melzer D, Vokonas P, Prokisch H, Bis JC, Chu A, Herder C, Grallert H, Yao C, Shah S, 

McRae F, Lin H, Horvath S, Fallin D, Hofman A, Wareham A, Wiggins KL, Feinberg AP, Starr JM, 

Visscher PM, Murabito JM, Kardia SLR,Absher DM, Binder EB, Singleton AB, Bandinelli S, Peters A, 

Waldenberger M, Matullo G, Schwartz JD, Demerath EW, Uitterlinden AG,van Meurs JBJ, Franco OH, 

Chen YDI, Levy D, Turner ST, Deary IJ,Ressler KJ, JDupuis J, Ferrucci L, Ong KK, Assimes TL, 

Boerwinkle E, Koenig W, Arnett DK, Baccarelli AA, Benjamin EJ and Dehghan A. DNA methylation 

signatures of chronic low-grade inflammation are associated with complex diseases. Genome Biology, 

2016,17:255. 

701.  Liu C, Marioni R E, Hedman AK, Pfeiffer L, Tsai PC, Reynolds LM, Just AC, Duan Q, Boer CG, 

Tanaka T, Elks CE, Aslibekyan S, Brody J A, Kuhnel B, Herder C, Almli LM, Zhi D, Wang Y, Huan T, 

Yao C, Mendelson MM, Joehanes R,Liang L, Love SA, Guan W, Shah S, McRae AF, Kretschmer A, 



  74 

Prokisch H, Strauch K, Peters A, Visscher PM, Wray NR, Guo X, Wiggins KL, Smith AK, Binder EB, 

Ressler KJ, Irvin MR, Absher DM, Hernandez D, Ferrucci L, Bandinelli S, Lohman K, Ding J, Trevisi L, 

Gustafsson S, Sandling JH, Stolk L, Uitterlinden AG, Yet I, Castillo-Fernandez JE, Spector TD, 

Schwartz JD, Vokonas P, Lind L, Li Y, Fornage M, Arnett DK, Wareham NJ, Sotoodehnia N, Ong KK, 

van Meurs JBJ,Conneely KN, Baccarelli AA, Deary IJ, Bell JT, North KE, Liu Y, Waldenberger M, 

London SJ, Ingelsson E, Levy D. A DNA methylation biomarker of alcohol consumption. Molecular 
Psychiatry  2018; 23:422-33. 

702.  Dai L, Mehta A, Mordukhovich I, Just AC, Shen J, Hou L, Koutrakis P, Sparrow D, Vokonas PS, 

Baccarelli AA, Schwartz JD. Differential DNA Methylation and PM2.5 Species in a 450K Epigenome-

Wide Association Study. Epigenetics,  2017, 12:139-148. 

703.  Dorans KS, Wilker EH, Li W,1Rice MB, Ljungman P, Schwartz J, Coull BA, Kloog I, Koutrakis 

P,  D’Agostino Sr. RB, Massaro JM, Hoffmann U, O’Donnell CJ, Mittleman MA. Residential Proximity to 

Major Roads, Exposure to Fine Particulate Matter and Aortic Calcium: The Framingham Heart Study, a 

Cohort Study. BMJ Open, 2017 Mar 16;7(3):e013455. doi: 10.1136/bmjopen-2016-013455.PMID: 

28302634 

704. Stafoggia M, Schwartz J, Badaloni C, Bellander T, Alessandrini E, Catani G, De Donato F, 

Gaeta A, Leone G, Lyapustin A, Sorek-Hamer M, de Hoogh K, Di Q, Forastiere F, Kloog I. Estimation of 

daily PM10 concentrations in Italy (2006–2012) using finely resolved satellite data, land use variables 

and meteorology. Environ Int. 2017 Feb;99:234-244. doi: 0.1016/j.envint.2016.11.024. PMID: 28017360 

705. Li WY, Dorans KS, Wilker EH, Rice MB, Schwartz J, Coull BA, Koutrakis, P, Gold DR, Fox CS, 

Mittleman MA.  Residential Proximity to Major Roadways, Fine Particulate Matter, and Adiposity: The 

Framingham Heart Study. Obesity, 2016, 24:12: 2593-2599.  

706. Prada D, Colicino E, Power MC, Weisskopf MG,  Zhong J, Hou LF, Spiro A, Vokonas P, 

Brenan, K Herrera LA, Schwartz J, Baccarelli, AA. APOE epsilon 4 allele modifies the association of 

lead exposure with age-related cognitive decline in older individuals. Environmental Research, 

2016:151: 101-105. DOI:.1016/j.envres.2016.07.034. 

707. Lee M, Shi L, Zanobetti A, Schwartz JD. Study on the association between ambient 

temperature and mortality using spatially resolved exposure data. Environmental Research, 2016:151: 

610-617. 

708. Zhang HX, Zheng YN, Zhang Z, Gao T, Joyce B, Yoon G, Zhang W, Schwartz J, Just A, 

Colicino E, Vokonas P, Zhao LH, Lu JC, Baccarelli, A, Hou LF, Liu L. Estimating and testing high-

dimensional mediation effects in epigenetic studies. Bioinformatics, 2016, 32: 20:3150-3154 

709.  Guo YM, Gasparrini A, Armstrong B, Tawatsupa B, Tobias A, Lavigne E, Coelho MDZS, Pan 

XC, Kim H, Hashizume M, Honda Y, Guo YL, Wu CF, Zanobetti A, Schwartz JD, Bell ML, Overcenco A, 

Punnasiri K, Li S, Tian LW, Saldiva P, Williams G, Tong SL. Temperature Variability and Mortality: A 

Multi-Country Study. Environmental Health Perspectives, 2016, 124:10  Pages: 1554-1559. 

710. Koplitz SN, Mickley LJ,Marlier ME, Buonocore JJ, Kim PS, Liu T, Sulprizio MP, DeFries RS 

Jacob DJ, Schwartz JD, Pongsiri M, Myers SS. Public health impacts of the severe haze in Equatorial 

Asia in September–October 2015: demonstration of a new framework for informing fire management 

strategies to reduce downwind smoke exposure. Environmental Research Letters, 2016, 11:9. 



  75 

711. Ding N, Wang X, Weisskopf MG, Sparrow D, Schwartz J, Hu H, Park SK. Lead-Related 

Genetic Loci, Geo and Incident Coronary Heart Disease: The Normative Aging Study. PLOS One, 2016, 

11:9. DOI: 10.1371/journal.pone.0161472. 

712.  Colicino E, Wilson A, Frisardi MC, Prada D, Power MC, Hoxha M, Dioni L, Spiro A III, Vokonas 

PS, Weisskopf MG, Schwartz JD, Baccarelli AA. 2017. Telomere length, long-term black carbon 

exposure, and cognitive function in a cohort of older men: the VA Normative Aging Study. Environ 

Health Perspect 2017, 125:76–81. http://dx.doi.org/10.1289/EHP241. 

713.  Peng C, Cayir A , Sanchez-Guerra M , Di Q , Wilson A , Zhong J, Kosheleva A , Trevisi L, 

Colicino E , Brennan K , Dereix AE, Dai L, Chen J , Coull BA, Vokonas P, Schwartz J ,Baccarelli AA. 

Associations of Annual Ambient PM 2.5 Mass and PM 2.5 Components with Mitochondrial Damage in 

Older Adults: A Multi-pollutant Approach in The Veterans Affairs Normative Aging Study, 2000–2012. 

Epidemiology, 2017;28:763-770.  

714. MacNaughton P, Eitland E, Kloog I, Schwartz J, Allen J. Impact of Particulate Matter Exposure 

and Surrounding “Greenness” on Chronic Absenteeism in Massachusetts Public Schools. International 

Journal of Environmental Research and Public Health, 2017 Feb 20;14(2). pii: E207. doi: 

10.3390/ijerph14020207. PMID: 28230752.  

715. Zanobetti A, Coull BA, Kloog I, Sparrow D, Vokonas PS, Gold DR, Schwartz J. Fine-scale 

spatial and temporal variation in temperature and arrhythmia episodes in the VA Normative Aging 

Study.J Air Waste Manag Assoc. 2017 Jan;67(1):96-104. doi: 10.1080/10962247.2016.1252808. 

PMID:28001123. 

716.  Wallwork RS, Colicino E, Zhong J, Kloog I, Coull BA, Vokonas P, Schwartz JD, Baccarelli AA. 

Ambient Fine Particulate Matter, Outdoor Temperature, and Risk of Metabolic Syndrome. Am J 

Epidemiol. 2017 Jan 1;185(1):30-39. doi: 10.1093/aje/kww157.PMID: 27927620. 

717.  Zhang Z, Joyce BT, Kresovich JK, Zheng Y, Zhong J, Patel R, Zhang W, Liu L, Dou C, 

McCracken JP, Díaz A, Motta V, Sanchez-Guerra M, Bian S, Bertazzi PA, Schwartz J, Baccarelli AA, 

Wang S, Hou L. Blood pressure and expression of microRNAs in whole blood. PLoS One. 2017 Mar 

9;12(3):e0173550. doi: 10.1371/journal.pone.0173550. eCollection 2017.PMID: 28278198. 

718.  Bose S, Chiu YM, Hsu HL, Di Q, Rosa MJ, Lee A, Kloog I, Wilson A, Schwartz J, Wright RO, 
Cohen S, Coull BA, Wright RJ. Prenatal Nitrate Exposure and Childhood Asthma: Influence of 
Maternal Prenatal Stress and Fetal Sex. Am J Respir Crit Care Med. 2017 196(11):1396-1403. 

719. Di Q, Wang Y, Zanobetti A, Wang Y, Koutrakis P, Choirat C, Dominici F, Schwartz JD. Air 
Pollution and Mortality in the Medicare Population. N Engl J Med. 2017 Jun 29;376(26):2513-2522. 
doi: 10.1056/NEJMoa1702747.PMID:28657878 

720. Nwanaji-Enwerem J, Colicino E, Dai L, Cayir A, Sanchez-Guerra M, Laue HE, Nguyen VT, Di Q, 

Just A, Hou L, Vokonas P, Coull BA, Weisskopf M, Baccarelli A, Schwartz J. Impacts of the 
Mitochondrial Genome on the Relationship of Long-term Ambient Fine Particle Exposure with Blood 
DNA Methylation Age. Environ Sci Technol. 2017 51(14):8185-8195. PMID: 28636816.  

721. Nwanaji-Enwerem JC, Bind MA, Dai L, Oulhote Y, Colicino E, Di Q, Just AC, Hou L, Vokonas P, 

Coull BA, Weisskopf MG, Baccarelli AA, Schwartz JD. Modifying Role of Endothelial Function Gene 



  76 

Variants on the Association of Long-term PM2.5 Exposure with Blood DNA Methylation Age: the VA 
Normative Aging Study. Toxicol Sci. 2017 158:116-126. PMID: 28486674. 

722. Schwartz J; International Society for Environmental Epidemiology. Science, Politics, and Health: 
The Environmental Protection Agency at the Threshold. Epidemiology. 2017 May;28(3):316-319. doi: 
10.1097/EDE.0000000000000624. 

723.  Peng C, Sanchez-Guerra M, Wilson A, Mehta AJ, Zhong J, Zanobetti A, Brennan K, Dereix AE, 

Coull BA, Vokonas P, Schwartz J, Baccarelli AA. Short-term effects of air temperature and 
mitochondrial DNA lesions within an older population. Environ Int. 2017 Jun;103:23-29. PMID: 
28351767.  

724. Nwanaji-Enwerem JC, Colicino E, Dai L, Di Q, Just AC, Hou L, Vokonas P, De Vivo I, Lemos B, 
Lu Q, Weisskopf MG, Baccarelli AA, Schwartz JD. miRNA processing gene polymorphisms, blood DNA 
methylation age and long-term ambient PM2.5 exposure in elderly men. Epigenomics, 2017, 9:12, 1529-

42,  doi.org/10.2217/epi-2017-0094. 

725. Kresovich JK, Zhang Z, Fang F, Zheng Y, Sanchez-Guerra M, Joyce BT, Zhong J, Chervona Y, 
Wang S, Dou C, McCracken JP, Díaz A, Bonzini M, Carugno M,PA, Koutrakis P, Kang CM, Bian S, 
Gao T, Byun HM, Schwartz J, Baccarelli AA, Hou  L. Histone 3 modifications and blood pressure in the 
Beijing Truck Driver Air Pollution Study. Biomarkers, 2017. 22:584-593. PMID: 28678539. 

726. Weinberger KR, Haykin L, Eliot MN, Schwartz JD, Gasparrini A, Wellenius GA. Projected 
Temperature-Related Deaths in Ten Large U.S. Metropolitan Areas Under Different Climate Change 
Scenarios. Environ International, 2017;107:196-204.  

727. Antonelli J, Schwartz J, Kloog I, Coull BA. Spatial multiresolution Analysis of the Effect of PM2.5 
on Birth Weight. Annals of Applied Statistics, 2017, 2:792-807.  

728. McGuinn LA, Ward-Caviness C, Neas LM, Schneider A, Di Q, Chudnovsky A, Schwartz J, 
Koutrakis P, Russell AG, Garcia V, Kraus WE, Hauser ER, Cascio W, Diaz-Sanchez D, Devlin RB. Fine 
particulate matter and cardiovascular disease: Comparison of assessment methods for long-term 
exposure. Environmental Research, 2017, 159:16-23.  

729. Guo Y, Gasparrini A, Armstrong BG, Tawatsupa B Tobias A, Lavigne E, Coelho MdSZS, Pan X, 
Kim H, Hashizume M, Honda Y, Guo Y-LL, Wu C-F, Zanobetti A, Schwartz JD, Bell ML, Scortichini M, 
Michelozzi P, Punnasiri K, Li S, Tian L, Garcia SDO, Seposo X, Overcenco A, Zeka A, Goodman P, Dang 
TN, Dung DV, Mayvaneh F, Saldiva PHN, Williams G, Tong S. Heat Wave and Mortality: A Multicountry, 
Multicommunity Study. Environ Health Perspect, 2017, in press.  

730. Li W Dorans K, Wilker E, Rice M, Ljungman R, Schwartz  J, Coull B, Koutrakis P, Gold D, Keaney 
J, Vasan R Benjamin E, Mittleman M. Short-term Exposure to Ambient Air Pollution and Biomarkers of 
Systemic Inflammation: The Framingham Heart Study. Arteriosclerosis, Thrombosis, and Vascular Biology, 
2017;37:1793-1800.  

731. Makar, M; Antonelli, J; Di, Q; Cutler, D; Schwartz, J; Dominici, F. Estimating the Causal Effect of 
Low Levels of Fine Particulate Matter on Hospitalization. Epidemiology, 2017 28:627-34. 

732. Bind M.-A., VanderWeele T. J., Schwartz J. D., Coull B. A. Quantile causal mediation analysis 
allowing longitudinal data. Statistics in Medicine, 2017, 36: 4182–4195.  



  77 

733. Rosenfeld A, Dorman M, Schwartz J, Novack V,Just A, Kloog I. Estimating Daily Minimum, 
Maximum, and Mean Near Surface Air Temperature Using hybrid Satellite Models Across Israel. Environ 
Res, 2017;159:297-312.  

734. Wang, Y; Lee, M-h; Liu, P; Shi, L; Yu, Z; Awad, Y A; Zanobetti, A; Schwartz, J. D. Doubly Robust 
Additive Hazards Models to Estimate Effects of a Continuous Exposure on Survival. Epidemiology, 2017, 
28:771-779. 

735. Kingsley SL, Deyssenroth MA, Kelsey KT, Abu Awad Y, Kloog I, Schwartz JD, Lambertini L, 
Chen J, Marsit CJ, Wellenius GA. Maternal Residential Air Pollution and Placental Imprinted Gene 
Expression. Environ International, 2017;108:204-211.  

736. Awad Y. A., Koutrakis P., Coull B. A., Schwartz J. (2017). A spatio-temporal prediction model 
based on support vector machine regression: Ambient Black Carbon in three New England States. 
Environmental Research, 159, 427-434. 

737. Rosa M. J., Pajak A., Just A. C., Sheffield P.E., Kloog I., Schwartz J., Coull B., Enlow M.B., 
Baccarelli A.A, Huddleston K., Niederhuber J.E., Tellez Rojo M.M., Wright R. O., Gennings C., Wright R.J. 
Prenatal exposure to PM2.5 and birth weight: A pooled analysis from three North American longitudinal 
pregnancy cohort studies. Environment International, 2017;107:173-80. 

738. Chiu Y-H M., Hsu H-H L., Wilson Ander., Coull B.A., Pendo M.P., Baccarelli A.A., Kloog I., 
Schwartz J., Wright R. O., Taveras E.M., Wright R.J. Prenatal particulate air pollution exposure and body 
composition in urban preschool children: Examining sensitive windows and sex-specific associations. 
Environmental Research, 2017;158:798-805.  

739. Lee W., Kim H., Hwang S., Zanobetti A., Schwartz J.D., Chung Y. Monte Carlo simulation-based 
estimation for the minimum mortality temperature in temperature-mortality association study. BMC Medical 
Research Methodology. 2017;17:137.  

740. Rosa M.J., Just A.C., Kloog I. Pantic I. Schnaas L., Lee A., Bose S., Chiu, Y-H M., Hsu H-H L., 
Coull B., Schwartz J., Cohen S., Tellez Rojo M.M., Wright R.O., Wright R.J. Prenatal particulate matter 
exposure and wheeze in Mexican children Effect modification by prenatal psychosocial stress. Annals 
Of Allergy Asthma & Immunology 2017; 119:232. 

741. Di Q, Dai L, Wang Y, Zanobetti A, Choirat C, Schwartz JD, Dominici F. Association of Short-term 
Exposure to Air Pollution With Mortality in Older Adults. JAMA. 2017;318(24):2446–2456. 

742. Wang Y, Shi L, Lee M-H, L P, Di Q, Zanobetti A, Schwartz JD. Long-term exposure to PM2.5 and 
mortality among older adults in the Southeastern US. Epidemiology, 2017;28:207-214.  

743. Wang Y, Nordio F, Nairns J, Zanobetti A, Schwartz JD. Accounting for adaptation and intensity in 
projecting heat wave-related mortality. Environmental Research, 2018, 161:464-471.  

744. Barfield R, Shen J, Just AC, Vokonas PS, Schwartz J, Baccarelli AA, VanderWeele TJ, Lin 
X. Testing for the indirect effect under the null for genome-wide mediation analyses. Genetic 
Epidemiology. 2017; 41(8):824-833. PMID 29082545. 
 

745. Zhang H, Zheng Y, Yoon G, Zhang Z, Gao T, Joyce B, Zhang W, Schwartz J, Vokonas P, 
Colicino E, Baccarelli A, Hou L, Liu L. Regularized estimation in sparse high-dimensional 



  78 

multivariate regression, with application to a DNA methylation study.Statistical applications in 
genetics and molecular biology. 2017; 16(3):159-171. PMID 28734115. 

 
746. Conti S, Harari S, Caminati A, Zanobetti A, Schwartz JD, Bertazzi PA, Cesana G, Madotto F. 
An observational study on the effect of air pollution on the incidence of idiopathic pulmonary fibrosis in 
Italy. European Respiratory Journal Sep 2017, 50 (suppl 61) PA408. 
 

747. Huang R, Zhai X, Ivey CE, Friberg MD, Hu X, Liu Y, Di Q, Schwartz J, Mulholland JA. 
Russell AG. Air pollutant exposure field modeling using air quality model-data fusion methods and 
comparison with satellite AOD-derived fields: application over North Carolina, USA. Air Quality, 
Atmosphere & Health, 2018, 11: 11-22. 
 

748. Li W, Dorans KS, Wilker EH, Rice MB, Kloog I, Schwartz JD, Koutrakis P, Coull BA, Gold 
DR, Meigs JB, Fox CS, Mittleman MA. Ambient air pollution, adipokines, and glucose homeostasis: 
The Framingham Heart Study. Environment International, 2018, 111:14-22.  
 

749. Prada D, Zhong J, Colicino E, Zanobetti A, Schwartz J, Dagincourt N, Fang SC, Kloog I, 
Zmuda JM, Holick M, Herrera LA, Hou L, Dominici F, Bartali B, Baccarelli AA. Association of air 
particulate pollution with bone loss over time and bone fracture risk: analysis of data from two 
independent studies. The Lancet Planetary Health 2017 1(8): e337-e347.  
 
 

750. Kingsley SL, Eliot MN, Glazer K, Abu Awad Y, Schwartz JD, Savitz DA, Kelsey KT, Marsit CJ, 
Wellenius GA. Maternal ambient air pollution, preterm birth and markers of fetal growth in Rhode Island: 
results of a hospital-based linkage study J Epidemiol Community Health 2017;71:1131-1136.  
 

751. Vicedo-Cabrera AM, Sera F, Gua Y, Chung Y, Arbuthnott K, Tong S, Tobias A, Lavigne E, 
Coelho M, Saldiva PH, Goodman PG, Zeka A, Hashizume M, Honda Y, Kim H, Ragettli MS, Roosli M, 
Zanobetti A, Schwartz J, Armstrong B, Gasparrini A. A multi-country analysis on potential adaptive 
mechanisms to cold and heat in a changing climate. Environment International, 2018, 239-246.   
 

752. Richard MA, Huan, TX, Ligthart, S, Gondalia, R, Jhun, MA, Brody, JA, Irvin, MR, Marioni, R, 
Shen, JC, Tsai, PC, Montasser, ME, Jia, YC, Syme, C, Salfati, EL, Boerwinkle, E, Guan, WH, Mosley, 
TH, Bressler, J, Morrison, AC, Liu, CY, Mendelson, MM, Uitterlinden, AG, van Meurs, JB, Franco, OH, 
Zhang, GS, Li, Y, Stewart, JD, Bis, JC, ; Psaty, BM, Chen, YDI, Kardia, SLR, Zhao, W, Turner, ST, 
Absher, D, Aslibekyan S, Starr, JM,  Mcrae, AF, Hou, LF, Just, AC, Schwartz, JD,  Vokonas, P, 
Menni, C, Spector, TD, Shuldiner, A, ; Damcott, CM, Rotter, JI, Palmas, W, Liu, YM, Paus, T, Horvath, 
S, O'Connell, JR, Guo, X, Pausova, Z, Assimes, TL, Sotoodehnia, N, Smith, JA, Arnett, DK, Deary, IJ, 
Baccarelli, AA, Bell, JT, Whitsel, E, Dehghan, A, Levy, D, Fornage, M. DNA Methylation Analysis 
Identifies Loci for Blood Pressure Regulation. American Journal of Human Genetics, 2017, 101:888-
902.  
 

753. Achilleos S, Kioumourtzoglou MA, Wu C-D, Schwartz JD, Koutrakis P, Paptheodorou SI. 
Acute effects of fine particulate matter constituents on mortality: A systematic review and meta-
regression analysis. Environment International, 2017, 109:89-100. 
 

754. Lee AG, Le Grand B, Hsu H-H L, Chiu Y-H M, Brennan KJ, Bose S, Rosa MJ, Brunst KJ, 
Kloog I, Wilson A, Schwartz J, Morgan W, Coull BA, Wright RO, Baccarelli AA, Wright RJ. Prenatal 
fine particulate exposure associated with reduced childhood lung function and nasal epithelia GSTP1 



  79 

hypermethylation: Sex-specific effects. Respiratory Research (2018) 19:76.  
https://doi.org/10.1186/s12931-018-0774-3 

 

755. Kresovich, JK,  Bulka, CM,,  Joyce, BT, ; Vokonas, PS, Schwartz, J , Baccarelli, AA,  Hibler, 
EA,,  Hou, LF. The Inflammatory Potential of Dietary Manganese in a Cohort of Elderly Men. 
Biological Trace Element Research, 2018, 183:49-57,DOI: 10.1007/s12011-017-1127-7.  

 
 

756. Sheffield, PE ,  Speranza, R,   Chiu, YHM   Hsu, HHL , Curtin, PC , Renzetti, S ,  Pajak, 
A , Coull, B, Schwartz, J ,  Kloog, I ,  Wright, RJ .  Association between particulate air pollution 
exposure during pregnancy and postpartum maternal psychological functioning. PLOS one, 2018; 13: 
e0195267. DOI: 10.1371/journal.pone.0195267 

 

757. Nyhan, MM ,  Coull, BA , Blomberg, AJ ,  Vieira, CLZ ,  Garshick, E ,  ; Aba, A ,  Vokonas, 

P, Gold, DR ,  Schwartz, J ,  Koutrakis, P . Associations Between Ambient Particle Radioactivity and 

Blood Pressure: The NAS (Normative Aging Study). Journal of The American Heart Association, 2018; 

7:  e008245, DOI: 10.1161/JAHA.117.008245. 

 

758. Tang CH, Garshick E, Grady S, Coull BA, SchwartzJ, Koutrakis P. Development of a 
modeling approach to estimate indoor-to-outdoor sulfur ratios and predict indoor PM2.5 and black 
carbon concentrations for Eastern Massachusetts households. 2018; Journal of Exposure Science 
and Environmental Epidemiology 28, 125–130. 
 

759. Rokoff LB, Rifas-Shiman SL, Coull BA, Cardenas A, Calafat AM,  Ye X, Gryparis A,Schwartz 
J, Sagiv SK, Gold DR, Oken E,Fleisch AF. Cumulative exposure to environmental pollutants during 
early pregnancy and reduced fetal growth: the Project Viva cohort. 2018; Environmental Health (2018) 
17:19 https://doi.org/10.1186/s12940-018-0363-4 
 

760. Miles CH, Schwartz J, Tchetgen Tchetgen, E.J. A class of semiparametric tests of treatment 

effect robust to confounder measurement error. Statistics in Medicine, 2018, 1-14. 

https://doi.org/10.1002/sim.7852  
 

761. Schwartz J, Fong K, Zanobetti A. A National Multicity Analysis of the Causal Effect of Local 

Pollution, NO2, and  PM2:5 on Mortality. Environmental Health Perspectives. 2018, in press.  
 

762. Vodonos A, Abu Awad Y, Schwartz J. The concentration-response between long-term PM2.5 

exposure and mortality; A meta-regression approach. Environmental Research, 2018, 166. In press.  
 

763. Fong KC, Kloog I, Coull BA, Koutrakis P, Laden F, Schwartz JD, James P. Residential 

greenness and birthweight in the state of Massassachusetts, USA.  International Journal of 

Environmental Research and Public Health. 2018, in press.  
 

764. Lljungman P, Li W, Rice M, Wilker E, Schwartz J, Gold D, Koutrakis P, Benjamin E, 

Ramachandran, V, Mitchell G, Hamburg N, Mittleman M. Long- and Short-term Air Pollution Exposure 

and Measures of Arterial Stiffness in the Framingham Heart Study. Environment International, 2018, 

121:139-147.  
 







  82 

exposure with traditional and novel lipid measures related to cardiovascular disease risk. 

Environment International, 2019,122:193-200. 
 

786. KC Fong, Q Di, I Kloog, F Laden, BA Coull, P Koutrakis, JD Schwartz. Relative toxicities of 
major particulate matter constituents on birthweight in Massachusetts. Environmental Epidemiology 
2019.  
 

787. Wu A, Allen JG, Coull BA, Amarasiriwardena C, Sparrow D, Vokonas P, Schwartz J, Weisskopf 
MG. Correlation Over Time of Toenail Metals Among Participants in the VA Normative Aging Study from 
1992 to 2014. J Expo Sci Environ Epidemiol. 2018 Nov 27. doi: 10.1038/s41370-018-0095-0. 
 

788. Huang SD,Lawrence J, Kang CM, Li J, Martins M, Vokonas P, Gold DR, Schwartz J,  Coull 
BA, Koutrakis P. Road proximity influences indoor exposures to ambient fine particle mass and 
components. Environmental Pollution, 2018,243:978-87. 

 
789. Marioni RE, McRae AF, Bressler J, Colicino E, Hannon E, Li S, Prada D, Smith JA, Trevisi L, 
Tsai PC, Vojinic D, Simino J, Levy D, Liu CY, Mendelson M, Satizabal CL, Yang Q, Jhun MA, Kardia 
SLR, Zhao W, Bandinelli S, Ferrucci L, Hernandez DG, Singleton AB, Harrisl SE, Starr JM, Kie DP, 
McLean RR, Just AC, Schwartz J, Spiro A, Vokonas P, Amin N, Ikram MA, Uitterlinden AG, van 
Meurs JBJ, Spector TD, Steves C, Baccarelli AA, Bell JT, Van Duijn CM, Fornage M, Hsu YH, Mill J, 
Mosley TH, Seshadri S, Deary IJ. Meta-analysis of epigenome-wide association studies of cognitive 
abilities. Molecular Psychiatry, 2018; 23:2133-2144  
 

 
790. Stafoggia M, Bellander T, Bucci S, Davoli M, de Hoogh K, de’Donato F, Gariazzo D, 
Lyapustin A, Michelozzi P, Renzi M. Scortichini M, Shtein A, Viegi G, Kloog I, Schwartz J. 
Estimation of daily PM10 and PM2.5 concentrations in Italy, 2013-2015, using a spatiotemporal land-
use random-forest model. Environment International 2019, 124:170-79.  

 
 

 
791. Li W, Nyhan MM, Wilker EH, Viera CLZ, Lin H, Schwartz JD, Gold DR, Coull BA, Aba AM, 
Benjamin EJ, Vasan RS, Koutrakis P, Mittleman MA. Recent exposure to particle radioactivity and 
biomarkers of oxidative stress and inflammation: the Framingham Heart Study. Environment 
International, 2018, 121:1210-1216.  

 
792. CLZ Vieira, P Koutrakis, S Huang, S Grady, JE Hart, BA Coull, F Laden. Short-term effects 
of particle gamma radiation activities on pulmonary function in COPD patients. Environmental 

Research 2019 
 

793. M Renzi, F Forastiere, J Schwartz, M Davoli, P Michelozzi, M Stafoggia. Long-Term 
Exposure and Cause-Specific Mortality in the Latium Region (Italy): A Difference-in- 
Differences Approach. Environmental Health Perspectives 127 (6), 067004 2019 
 
 

794. Bose S, Rosa MJ, Chiu Y-H M, Hsu H-H L, Di Q, Lee A, Kloog I, Wilson A, Schwartz J, 
Wright RO, Morgan WJ, Coull BA, Wright RJ. Prenatal nitrate air pollution exposure and reduced 
child lung function: Timing and fetal sex effects. Environmental Research, 2018, 167:591-597. 

 



  83 

795. KC Fong, A Kosheleva, I Kloog, P Koutrakis, F Laden, BA Coull, Schwartz J. Fine 
Particulate Air Pollution and Birthweight: Differences in Associations along the Birthweight 
Distribution. Epidemiology 2019 

 
796. AJ Gaskins, L Mínguez-Alarcón, KC Fong, S Abdelmessih, BA Coull. Exposure to Fine 

Particulate Matter and Ovarian Reserve Among Women from a Fertility Clinic. Epidemiology 
30 (4), 486-491 2019. 
 
 

797. Gaskins AJ, Fong KC, Abu Awad Y, Di Q, Minguez-Alarcon L, Chavarro JE, Ford JB, Coull 
BA, Schwartz J, Kloog I, Souter I, Hauser R, Laden F. Time-varying Exposure to Air Pollution and 
Outcomes of In Vitro Fertilization Among Couples from a Fertility Clinic. Environmental Health 
Perspectives. In Press. 10.1289/EHP4601. 
 

798. Jaganathan S, Jaacks LM, Magsumbol M, Walia GK, Sieber NL, Shivasankar R. Dhillon PK, 
Hameed SS, Schwartz J.and Prabhakaran D. Association of Long-Term Exposure to Fine 
Particulate Matter and Cardio-Metabolic Diseases in Low- and Middle-Income Countries: A 
Systematic Review. Itn J of Environmental Resarch and Public Health. In press.  

 
 

799. Cong Liu, M.S.,1, † Renjie Chen, Ph.D.,1, 2, † Francesco Sera, Ph.D.,3 Ana M. Vicedo-Cabrera, 
Ph.D.,3 Yuming Guo, Ph.D.,4, 5 Shilu Tong, Ph.D.,6, 7, 8 Micheline de Sousa Zanotti Stagliorio Coelho, 
Ph.D.,9 Paulo Hilario Nascimento Saldiva, Ph.D.,9 Eric Lavigne, Ph.D., 10,11 Patricia Matus, Ph.D.,12 
Nicolas Valdes Ortega, M.Sc.,13 Samuel Osorio Garcia, Ph.D.,14 Mathilde Pascal, Ph.D.,15 Massimo 
Stafoggia, Ph.D.,16, 17 Matteo Scortichini, Ph.D.,16 Masahiro Hashizume, Ph.D.,18 Yasushi Honda, 
Ph.D.,19 Magali Hurtado Díaz, Ph.D.,20 Julio Cruz, Ph.D.,20 Baltazar Nunes, Ph.D.,21 João Paulo 
Teixeira, Ph.D.,21, 22 Ho Kim, Ph.D.,23 Aurelio Tobias, Ph.D.,24 Carmen Íñiguez, Ph.D.,25 Bertil 
Forsberg, Ph.D.,26 Christofer Åström, Ph.D.,26 Martina S. Ragettli, Ph.D.,27, 28 Yue-Liang Leon Guo, 
Ph.D.,29 Bing-Yu Chen, Ph.D.,30 Michelle L. Bell, Ph.D.,31 Caradee Yael Wright, Ph.D.,32, 33 Noah 
Scovronick, Ph.D.,34 Rebecca M. Garland, Ph.D.,33, 35, 36 Ai Milojevic, Ph.D.,3 Jan Kyselý, Ph.D.,37, 38 
Aleš Urban, Ph.D.,37 Hans Orru, Ph.D.,26, 39 Ene Indermitte, Ph.D.,39 Jouni J.K. Jaakkola, Ph.D.,40 Niilo 
R.I. Ryti, Ph.D.,40 Klea Katsouyanni, Ph.D.,41, 42 Antonis Analitis, Ph.D.,41 Antonella Zanobetti, Ph.D.,43 
Joel Schwartz, Ph.D.,43 Jianmin Chen, Ph.D.,44 Tangchun Wu, Ph.D.,45 Aaron Cohen, D.Sc.,46, 47 
Antonio Gasparrini, Ph.D.,3, 48, ¶ Haidong Kan Ambient Particulate Air Pollution and Daily Mortality in 
652 Cities. NEJM, in press.  

 
800.  Jaganathan S, Jaacks LM, Magsumbol M, Walia GK, Sieber NL, Shivasankar R, Dhillon PK, 
Hameed SS, Schwartz J, Prbhakaran D. Association of Long-Term Exposure to Fine Particulate 
Matter and Cardio-Metobolic Diseases in Low-and Middle-Income Countries: A systematic Review. 
International Journal of Environmental Research and Public Health. 2019 
 

801. Di Q, Amini H, Shi L, Kloog I, Silvern R, Kelly J, Sabath MB, Choirat C, Koutrakis P, 
Lyapustin A, Wang Y, Mickley L, Schwartz J. An ensemble-based model of PM2.5 concentration 
across the contiguous United States with high spatiotemporal resolution. Environment International 
130 (2019) 104909.  
 

802. Weinberger KR, Spangler KR, Zanobetti A, Schwartz JD, Wellenius 
GA. Comparison of temperature-mortality associations estimated with different exposure 
metrics. Environmental Epidemiology, in press.  



  84 

 
803. Weaver AM, McGuinn L, Neas L, Mirowsky J, Devlin RB, Dhingra R, Ward-Caviness C, 
Cascio WE, Kraus WE, Hauser ER, Di Q, Schwartz J and Diaz-Sanchez D. Neighborhood 
Sociodemographic Effects on the Associations Between Long-term PM2.5 Exposure and 
Cardiovascular Outcomes and Diabetes Mellitus. Environmental Epidemiology. 2019;3 
 

804. Yitshak-Sade M, Kloog I, Zanobetti A and Schwartz JD. Estimating the causal effect of annual 
PM2.5 exposure on mortality rates in the Northeastern and mid-Atlantic states. Environmental 
Epidemiology. 2019;Latest Articles. 
 

 
805. Abu Awad Y, Di  Q, Wang Y, Choirat C, Coull B, Zanobetti A and Schwartz J. Change in PM2.5 
exposure and mortality among Medicare recipients. Environmental Epidemiology. 2019;3:e054. 
 
806. Danesh-Yazdi M, Wang Y, Di  Q, Zanobetti A and Schwartz J. Long-term exposure to PM2.5 
and ozone and hospital admissions of Medicare participants in the Southeast USA. Environ Int. 
2019;130:104879. 
 

807. Amini, H., Trang Nhung, N.T., Schindler, C., Yunesian, M., Hosseini, V., 
Shamsipour, M., Hassanvand, M.S., Mohammadi, Y., Farzadfar, F., Vicedo-Cabrera, A.M., Schwartz, 
J., Henderson, S.B., Künzli, MarN., Short-term associations between daily mortality and ambient 
particulate matter, nitrogen dioxide, and the air quality index in a Middle Eastern megacity, 
Environmental Pollution (2019), doi: https://doi.org/10.1016/j.envpol.2019.113121. 
 

808. Marlier, M. E., Liu, T., Yu, K.,Buonocore, J. J., Koplitz, S. N., DeFries,R. S., Mickley LJ, Jacob 
DJ, Schwartz J, Wardhana BS, Myers SS. (2019). Fires, smoke exposure, and public health: An 
integrative framework to maximize health benefits from peatland restoration. GeoHealth, 3. 
https://doi.org/10.1029/2019GH000191 
 

809. Yang Y, Gao X, Just AC, Colicino E, Wang C, Coull BA, Hou L, Zheng Y, Vokonos P, Schwartz 
J, Baccarelli AA. Smoking-Related DNA Methylation is associated with DNA methylation phenotypic age 
acceleration: The Veterans Normative Aging Study. Int J. Environmental Research and Public Health, 
2019, 16,2356. 
 

810. Wei Y, Wang Y, Lin C-K, Yin K, Yang J, Shi L, Li L, Zanobetti A, Schwartz JD. Associations 
between seasonal temperature and dementia-associated hospitalizations in New England. Environment 
International, 2019, 126:228-33. 
 

811. Rhee J, Dominici F, Zanobetti A, Schwartz J, Wang Y, Di Q, Balmes J, 
Christiani DC, Impact of Long-Term Exposures to Ambient PM2.5 and Ozone on Acute Respiratory 
Distress Syndrome (ARDS) Risk for Older Adults in the United States, CHEST (2019), doi: https:// 
doi.org/10.1016/j.chest.2019.03.017. 
 

812. Armstrong B, Sera F, Vicedo-Cabrera A-M, Abrutzky R, Åström DO, Bell ML, Chen B-Y, Coelho 

M, Correa PM, Dang TN, Diaz MH, Dung DV,  Forsberg B1, Goodman P, Guo Y-L, Y Guo Y, Hashizume 
M, Honda Y, Íñiguez C, Kan H, Kim H, Kyselý J, Lavigne E, Michelozzi P Orru H, Ortega NV Pascal M, 
Ragettli MS, Saldiva PH, Schwartz J, Scortichini M, Seposo X, Tobias A, Tong S, Urban A Valencia C, 
Zanobetti A, Zeka A, Gasparrini A.The Role of Humidity in Associations of High Temperature with 
Mortality: a Multi-City Multi-Country Study. Environmental Health Persepectives, 2019, in press.  
 



  85 

813. Veira C, Alvares D, Blomberg A, Schwartz J, Coull BA, Huang S, Koutrakis P. Geomagnetic 
disturbances driven by solar activity enhance total and cardiovascular mortality risk in 263 U.S. cities. 
Environmental Health, 2019,18:83. https://doi.org/10.1186/s12940-019-0516-0. 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

BOOK CHAPTERS AND CONFERENCE PROCEEDING: 
 

1. Schwartz J. The benefits of reducing lead in gasoline: 1974-1980. In: Mobile source issues of the 1980's. 
Air Pollution Control Association; 1984:27-39. 

 
2. Schwartz J, Marcus A. Statistical reanalysis of data relating mortality to air pollution during London 

winters 1958-1972. US EPA, 1987:1-43. 
 

3. Cohen J, Marcus AH, Schwartz J. The use of exposure analysis and risk assessment in EPA regulations 
on atmospheric lead. Air Pollution Control Association, 1987:82-89. 

 
4. Schwartz J, Dockery DW, Ware JH, Spengler JD, Wypij D, Koutrakis P, Speizer FE, 
 Ferris BG Jr. Acute effects of acid aerosols on respiratory symptom reporting in children.  Air Pollution 

Control Association, 1989;1:89-92. 
 

5. Schwartz J. Lead, blood pressure and cardiovascular disease. In: Needleman H, ed. Human lead 
exposure; Boca Raton, FL: CRC Press, 1992:223-232. 

 



  86 

6. Schwartz J. Low level health effects of lead: Growth, development, and neurological disturbances. In: 
Needleman H, ed. Human lead exposure. Boca Raton, FL: CRC Press, 1992:233-242. 

 
7. Schwartz J. Health effects of air pollution. In: Cothern CR and Ross NP, eds. Environmental statistics, 

assessment, and forecasting. Boca Raton, FL: Lewis Publications, 1993:230-238. 
 

8. Schwartz J.  Generalized Additive Models in Epidemiology.  International Biometric Society, Invited 
Papers. 17th International Biometric Conference 1994; pp. 55-80. 

 
9.   Schwartz J.  Health effects of air pollution from traffic: Ozone and particulate matter. In: Health at the 

Crossroads, (McMichaels A, Fletcher T., Eds.), 1995;  John Wiley and Sons, London. 
 

10. Bellinger D,  Schwartz J.  Lead toxicity: Neurobehavior in children and blood pressure in adults.  In: Topics 
in Environmental Epidemiology, (Savitz D, Steenland K, Anto J, Eds.), 1996; Oxford University Press, 
London. 

 
11. Schwartz J. Health Effects of Particulate Air Pollution: Is there a threshold? In Mohr U. Ed. Relationship 

between Respiratory Disease and Exposure to Air Pollution. ILSI Press, Washington DC, 1998.  
 

12. Ozkaynak H, Spengler JD, Jaakkola JJK, Ford T, Xue J, Agorov A, Schwartz J, Kuzmin S, Rakitin P, 
Privalova L, Chebotarkova S, Zemlianaia G.  Evaluation of existing environmental information systems in 
Russia applicable for human health effects assessment.  In: Air pollution in the Ural Mountains (I. Linkov, 
R. Wilson, eds). NATO ASI Series, Kluwer AcademicPublishers, Dordrecht,  Netherlands 1998;195-217. 

 
13. Wand, M.P. and Schwartz, J. Smoothing in Environmental Epidemiology. Encyclopedia of 

Environmetrics, 2002; 4:2020-2023. 
 

14. Schwartz J. Long-term effects of exposure to particulate air pollution, In Frampton MW, Utell MJ, eds. 
Exposure to Airborne Particles: Health Effects and Mechanisms. Clinics in Occupational and 
Environmental Medicine, Vol 5, No 4. Elsevier, Philadelphia, 2006. 

 
15.  Schwartz J. Long term effects of air pollution on human health. Chapter in SJ Wood Ed. Encyclopedia of 

Environmental Health. Elsevier, Oxford, UK.  
 

16. Wilker E and Schwartz J. Air Pollution and Diabetes. Chapter in A Bhatnagar, ed. Environmental 
Cardiology, Royal Society of Chemistry. DOI: 10.1039/9781849732307-00143 

 
17. Schwartz J. Panel Studies.Chapter in Cassee FR, Mills NL, Newby DE. Cardiovascular effects of 

inhaled ultrafine and nanosized particles. John Wiley and Sons, Hoboken, NJ. 2011.  
 

18. Elder A, Schwartz J, Oberdorster G. Particulate air pollution and CNS health. In Air Pollution and Health 
Effects, Nadadur SS and Hollingsworth Jw, eds. Humana Press, Springer Verlag, London, 2015 

 
 
 

 



  87 

BOOKS AND OTHER MONOGRAPHS: 
 

1. Schwartz J, Pitcher H, Levin R, Ostro B, Nichols A. The costs and benefits of reducing lead in gasoline. 
Washington, DC: US Environmental Protection Agency, February 1985; EPA 230-05-85-006. 400pp. 

 
2. The nature and extent of lead poisoning in children in the United States: A report to congress. 

[Contributing Author] Atlanta, GA: Agency for Toxic Substances and Disease Registry, 1988. 400pp. 
 

3. Environmental Epidemiology: Vol 1 Public health and hazardous waste. Committee on Environmental 
Epidemiology (Bates D, Chalmers T, Coye MJ, Froines J, Hoel D, Miller AB, Schwartz J) Washington, 
DC: National Academy Press, 1991. 282pp. 

 
4. Bellinger DC, Bornschein RL, Chisolm JJ, Falk H, Flegal AR, Fowler BA, Mahaffey KR, Mushak P, 

Rosnen JF, Schwartz J, Skogerboe RK. Measuring lead exposure in infants, children, and other 
sensitive populations.  Washington, D.C.: National Research Council, National Academy Press, 1993:1-
337. 

 
5. Medina S, Plasencia A, Artazcoz L, Quenel P, Katsouyanni K, Mucke HG, De Saeger E, Krzyznowsky M, 

Schwartz J. and members of the APHEIS group. APHEIS: Monitoring the Effects of Air Pollution on 
Public Health in Europe. Scientific Report 1999-2000. Institute de Veille Sanitaire, Saint-Maurice, France 
2001 136 pp.  

 

6. Matte TD, Homa D, Sanford J, Weitzman M, Schwartz J, Bellinger D, Savitz D, Campbell C, Parsons 

PJ, Lozoff B, Thompson KM, Harvey B.  A Review of the Evidence of Health Effects of Blood Lead Levels 

< 10 µg/dL in Children. Centers for Disease Control, 2004.  
 
 
 
 
 
Doctoral Students 
 
Advisor: 

 
past 
Tom Bateson   HSPH  Epidemiology “Case Crossover Design for Environmental Time Series” 
 
Greg Wellenius  HSPH, Epidemiology “Air pollution and Congestive Heart Failure” 
 
Sung Kyung Park HSPH, Environmental Health “Genetic polymorphisms, heart rate variability, and 

environmental exposures to metals and air pollution” 
 
Cathryn Tonne HSPH, Environmental Health and Epidemiology, “Pollution and social position as 

predictors of Heart Attacks and survival in a population based study” 
 
John McCracken HSPH, Environmental Health and Epidemiology, “Cardiovascular effects following 

interventions with clean cooking stoves in rural Guatemala” 
 



  88 

Elissa Wilker HSPH, Environmental Health “Gene-Environment Interactions in the effects of air 
pollution and lead” 

 
 
Sara Cabelli  HSPH, Epidemiology 
 
Angeliki Lambrou  HSPH, Environmental Health 
 
Jaime Madrigano  HSPH, Epidemiology 
 
Marie-Abele Bind  HSPH, Environmental Health, Biostatistics 
 
Mye-Hi Lee  HSPH, Environmental Health 
 
Lingzhen Dai  HSPH, Environmental Health 
 
Liuhua Shi   HSPH, Environmental Health 
 
Yara Abu Awad  HSPH, Environmental Health 
 
Kelvin Fong  HSPH, Environmental Health 
 
Qian Di   HSPH, Environmental Health 
 
Yan Wang   HSPH, Environmental Health, Biostatistics 
 
 
Current Students: 
 
Yaguag Wei  HSPH, Environmental Health 
 
Madieh Danesh Yazdi HSPH, Environmental Health 
 
Massimo Stafogia  Karolinska Institute, Epidemiology 
 

Doctoral Committee 
past 
Chava Peretz   Univ of Utrecht, Epidemiology “Longitudinal Models for Lung Function in Children” 
 
Antonella Zanobetti University of Florence, Applied Statistics “A Nonparametric Distributed Lag Model 

to Evaluate Harvesting in the association between Air Pollution and Daily Deaths” 
  
Yawen Cheng  HSPH Epidemiology “Lead, Hypertension, and Cardiovascular Disease” 
  
Elizabeth Platz  HSPH Epidemiology “Thorotrast Exposure and Cancer in radiology patients” 
   
Jeremy Sarnat   HSPH, Environmental Health “Exposure Error in Time Series Studies of Air 

Pollution” 
 
Paul Stark   HSPH, Environmental Health “Asthma and aeroallergen exposure” 



  89 

  
Sharon Tsaih HSPH, Epidemiology “Biomarkers of Lead and Bone Turnover and Their 

Relationship to Kidney Function” 
  
Hung Yi-Chuang HSPH Environmental Health “Structural Equation Models for Lead Exposure of the 

Fetus, Lead and Vibration Threshold in Battery Plant Workers” 
  
Hae Kwang Cheong  HSPH Environmental Health “Longitudinal model of the cognitive effects of lead” 
  
Kirsi Timonnen University of Kuopio, Finland Epidemiology “Air Pollution and Respiratory Health of 

Children” 
  
Michael Wright HSPH Environmental Health “Exposure to mutagens in drinking water, Effects of 

Drinking water on Pregnancy Outcome” 
  
Shannon Magari HSPH, Environmental Health “Cardiovascular Responses to Occupational and 

Environmental Particulate Exposure” 
  
Hsing Jasmin Chao HSPH, Environmental Health “Longitudinal Variations in Office Building Fungi and 

their Associations with Work–Related Symptoms” 
 
Adrienne Ettinger HSPH, Environmental Health. “Dietary and Environmental Determinants of 

Endogenous Exposure to Lead over the Course of Lactation” 
 
Sunyeong Park HSPH, Cancer and Cell Biology “Gene-Environment Interactions in Bladder 

Cancer” 
 
R Graham Barr HSPH, Epidemiology “Prospective Study of Hormone Replacement Therapy and 

Risk of Asthma or Chronic Obstructive Pulmonary Disease among 

Postmenopausal Women” 
 
David Rich HSPH, Environmental Health, “Ambient Air Pollution and the Risk of Cardiac 

Arrhythmias detected by implatable cardioverter defibrillators” 
 
Stephanie Ebelt HSPH, Environmental Health “Personal Exposure, ambient concentrations, and 

cardiovascular responses in a panel of elderly” 
 
Hailay D Teklehaimanot HSPH, Epidemiology “Modeling Malaria Epidemics” 
 
Alexandros Gryparis HSPH, Biostatistics “Geostatistical modeling with missing data” 
 
Jane Burns  HSPH, Environmental Health “Diet, Air Pollution, and Respiratory Health” 
 
Florence Wang HSPH, Environmental Health “Determinants and Genetic Modifiers of Lead Burden 

and cognition” 
 
Sara Dubowski HSPH, Environmental Health “Acute Cardiopulmonary Responses to Traffic-

Related Particles in St. Louis Senior Adults” 
 
Mark Weisskopf HSPH, Epidemiology. “Predictors of cognitive decline in aging and Parkinsonism” 



  90 

 
Pradeep Rajan HSPH, Environmental Health “Genetic polymorphisms, lead exposure, and mini 

mental status exams in a cohort of elderly” 
 
Jeff Yanoski HSPH, Environmental Health “Estimating Chronic Particulate and Gaseous Air 

Pollutant Exposures Using GIS-Based Spatio-Temporal Models” 
 
Meredith Franklin HSPH, Environmental Health “Modeling Ground and Space-Based particle 

Measurements with Application to Environmental Epidemiology” 
 
Denise Felber University of Basel, Epidemiology and Preventive Medicine 
 
Jenn Cavallari HSPH, Environmental Health 
 
Jens Levy UNC, Epidemiology 
 
Ami Zota HSPH, Environmental Health 
 
Amar Mehta  HSPH, Environmental Health 
 
Ananya Roy  HSPH, Environmental Health 
 
Paul Brochu  HSPH, Environmental Health 
 
Birgit Clauss Henn  HSPH, Environmental Health 
 
Emmanuel Baja HSPH, Environmental Health 
 
Eizabeth Mostofsky HSPH, Epidemiology 

 
Jessica Hartman HSPH, Epidemiology 
 
Melinda Power  HSPH, Environmental Health 
 
Tamar Sofer  HSPH, Biostatistics 
 
Pascal Beaudeau  School of Public Health, Rennes 
 
Jennifer Nguyan  HSPH, Environmental Health 
 
Behrooz Behbod  HSPH, Environmental Health 
 
Marianthe-Anna Koumourtzoglou HSPH, Environmental Health 
 
Elena Austin  HSPH, Environmental Health 
 
Thuy Lam   HSPH, Environmental Health 
 
John Ji   HSPH, Environmental Health 
 



  91 

Alina Vodonos  Ben Gurion University, Environmental Health 
 
Kirsten Dorans  HSPH, Epidemiology 
 
Wenyuan Li  HSPH, Epidemiology 
 
Souzana Achilleos HSPH, Environmental Health 
 
Cheng Peng  HSPH, Environmental Health 
 
Joseph Antonelli  HSPH, Biostatistics 
 
 
Current Students: 

 
       Annelise Blomberg HSPH, Environmental Health 
 

Massimo Stafoggia Biostatistics, Karolinska Institute 
 
Jessie Tang  HSPH, Environmental Health 
 
Postdoctoral Fellows: 
 
  
Antonella Zanobetti “Air Pollution and Hospital Admissions” 
  
Christian Schindler (from Univ of Basel) “Air Pollution and Peak Flow Measures in Asthmatic Adults” 
  
Arnoud Verhoef (from Univ of Waggeningen) “Air pollution and daily mortality in Amsterdam, the 

Netherlands”  
  
Gerard Hoek (from Univ of Waggeningen) “Effects of ambient particulate matter and ozone on 

daily mortality in Rotterdam, the Netherlands.” 
  
Alain le Terte (from National Institute for Public Health Surveillance, Paris) “Air Pollution and 

Emergency Visits for Asthma in Paris” 
  
Claudia Spix  (from Univ of Wuppertal)  “Air Pollution and Daily Deaths” 
   
Paolo Saldiva  (from University of Sao Paolo) “Air pollution and mortality in elderly people: A time 

series study in Sao Paolo, Brazil”  
 
Erica von Mutius  (Ludwig Maximillian University, Munich) “Dietary factors and Asthma” 
 
Marie O’Neill  “Social factors in the dependence of mortality on air pollution and weather” 
 
Tom Bateson “Selection Bias and Confounding in Case- Crossover Analyses of Environmental 

Time Series Data” 
 
Amanda Wheeler  “Air pollution and heart rate variability” 



  92 

 
Dawn Demeo  “Air pollution and oxygen saturation in the elderly” 
 
Francine Laden “Association of fine particulate matter from different sources with daily mortality in 

six US cities.” 
 
Nicole Janssen “Air conditioning and combustion related particles as modifiers of the effect of 

PM10 on hospital admissions for heart and lung diseases” 
 
Eun-Hee Ha     “Is air pollution a risk factor for low birth weight in Seoul?” 
 
Jon-Tae Lee “Bidirectional case-crossover studies of air pollution: bias from skewed and 

incomplete waves.” 
 
Ahmed Gomaa  “Pre and Postnatal lead exposure and children’s cognitive function” 
 
Sahar Elmarsafawy “Interaction of lead and calcium in predicting hypertension” 
 
Alfesio Braga  “The time course of weather related deaths” 
 
Yon-Chul Hong  “Effects of Air Pollutants on Acute Stroke Mortality” 
 
Babette Brumback  “Transitional Regression Models with Application to Environmental Time Series” 
 
Ariana Zeka  “Effects of Air pollution on Pregnancy Outcomes” 
 
Andrea Baccarelli  “Cardiovascular Effects of Air Pollution” 
 
Mercedes Medina-Ramon  “Effects of traffic pollution on survival of heart failure patients” 
 
Alexandros Gryparis “Spatio-Temporal modeling of traffic related air pollution and birth outcomes” 
 
Nicos Middleton  “Traffic related pollution and mortality” 
 
Stephanie von Klot “GIS based Exposure to Heat, Mortality, and Myocardial Infarctions” 
 
Elvira Vaclavik  “Case-Crossover Analysis of susceptibility to air pollution” 
 
  
John McCracken  “Cardiovascular Effects of Wood Smoke Exposure in Guatemala” 
 
 
Cizao Ren   “Gene Environment interactions and Air Pollution” 
 
Jaana Halonen  “ Physiologic effects of Temperature” 
 
Itai Kloog   “Spatio-temporal particle models and health” 
 
Johanna Lepeule  “Epigenetics and Pulmonary Health” 
 



  93 

Francesco Nordio  “Spatially resolved particle exposure and health” 
 
Amar Mehta  “Epigenetics, Environment, and Cardiovascular Disease” 
 
Serena Fossati  “Micro RNAs, air pollution, and health” 
 
Irina Mordukhovich “Epigenetic effects of heavy metals” 
 
Jonathan Buonacore “Health Benefits Analysis of Controlling Fires in Indonesia” 
 
Mihye Lee   Air Pollution, Temprature and Mortality 
 
Bind, Marie-Abele  “Causal and Mediation Analysis for Environmental Epidemiology” 
 
Yara Abu Awad 
 
Current Fellows 
 
Heresh Amini  “Predicting particle component exposure over the US” 
 
CuiCui Wang  “Epigenetic effects of particles” 
 

  
 
 
 
 




